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Abstract
Climate change-related hazards negatively impact ecosystems, economies, and quality of
life. Significant resources have been invested in data collection and research with the goal of
enhanced understanding and capacity to predict future conditions in order to mitigate or adapt to
intensifying hazard risk. The expansive production of climate science has generated a necessary
complimentary enterprise dedicated to enhancing decision-makers’ understanding of and access
to climate science as it is essential for future societal and ecological well-being. Though the aim
of these many tools is to support resilient decision-making in the face of climate change,
professionals report an underutilization of climate resilience tools. It has been suggested that
stakeholder engagement during climate resilience tool development will improve the rates of use;
however, there have been no studies to explore if the findings from tool diffusion and adoption
studies in other sectors translate to climate resilience tools. An end-user engagement process for
the development of a climate resilience tool was established and implemented. The process itself

and the outcomes of the process, in this case an online climate decision-support tool called Gulf
TREE (www.GulfTREE.org), were studied. Findings included documenting that end-user
engagement during climate resilience tool development, while more costly and time intensive,
does lead to increased rates of diffusion and adoption of a climate resilience tool through both
direct and indirect means. This work demonstrated that pre-development engagement to scope
tool development is critical for maximizing relative benefit of a climate resilience tool.
Additionally, all phases of engagement are necessary for both a useable and useful tool because
each phase contributes to different attributes of the tool. Further research areas identified include
understanding how much and what kind of stakeholder engagement is necessary to support
continued diffusion and adoption after a tool is released, the role that mandates in climate
resilience has on the adoption and diffusion of climate resilience tools, and how to define if a
climate resilience tool has been successful.
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CHAPTER I
INTRODUCTION
1.1

Background
Climate change-related hazards negatively impact ecosystems, economies, and quality of

life (Jay et al., 2018). These hazards increase the frequency and/or intensity of acute stressors
such as wildfires, heat waves, and major hurricanes (Wuebbles et al., 2017) and exacerbate
chronic stressors such as nuisance flooding and erosion (Anderson et al., 2015; Sweet et al.,
2018). These worsened hazards reduce economic, mental, and ecological capacity and resilience
at individual and societal levels (Alizad et al., 2018; Bachner & Bednar-Friedl, 2019; Jay et al.,
2018; Obradovich et al., 2018; Shi & Varuzzo, 2020). The impacts from climate change are
ubiquitous and felt across a multitude of sectors including public health, transportation and
shipping, insurance, natural resource management, tourism, and disaster preparedness (Ebi et al.,
2018; Fleming et al., 2018; Jacobs et al., 2018; Jay et al., 2018).
Significant resources have been invested in data collection and research with the goal of
enhanced understanding and capacity to predict future conditions in order to mitigate or adapt to
intensifying hazard risk. The U.S. Federal Government annually invests more than 12 billion
U.S. dollars across 583 programs in understanding climate change and reducing emissions
(Government Accountability Office, 2018) with increases in spending occurring each fiscal year
since 1993. Globally, there are many international bodies – including the International Panel on
Climate Change (IPCC) - that spend at a minimum some portion of their resources on
understanding climate change; some groups spend all their resources on this task (e.g., World
1

Bank, World Meteorology Organization, 350.org, Union of Concerned Scientists). As a result of
these efforts and others, climate science is being produced at a prolific rate. For example, a
Google Scholar search on June 19, 2020, yielded over 70,000 peer-reviewed publications
focused on climate that had been produced since the beginning of the year.
The expansive production of climate science has generated a necessary complimentary
enterprise dedicated to enhancing decision-makers’ understanding of and access to climate
science as it is essential for future societal and ecological well-being. Frequently, climate change
science is synthesized into online tools or other resources designed to support decision-making
and education around climate change impacts. For example, the U.S. Climate Resilience Toolkit,
one of many clearinghouses for climate tools, has 445 tools intended to support understanding of
and action in response to climate change. Further, professionals who specialize in science
communication and application such as extension and outreach agents are focusing partially or
wholly on aspects of climate change. Examples can be found among university programs (e.g.,
Land Grant, Sea Grant), non-profit organizations (e.g., The Nature Conservancy, The Sierra
Club), and federal and state organizations (e.g., DOI Climate Adaptation Science Centers,
NOAA Sentinel Site Cooperatives).
Though the aim of these many tools is to support resilient decision-making in the face of
climate change, professionals report an underutilization of climate resilience tools. This
underutilization is almost exclusively captured through first-hand discussions with stakeholders,
local and regional surveys, and internal evaluations of specific tools by developers. These
findings are shared informally among professional networks and are rarely synthesized into peerreviewed literature, with some recent notable exceptions (Haße & Kind, 2019; Raub & CottiRausch, 2019; REW PC, 2020). There are few peer-reviewed publications that systematically
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evaluate the usage (e.g., frequency and/or how they are used) of climate change resilience tools
(Ernst & Preston, 2020; Palutikof et al., 2019).
Reasons commonly identified as barriers to climate resilience tool use generally focus on
the resources or climate change science. Reasons directly related to the tools include issues such
as: (a) the large volume of tools make it unclear which one to use, (b) the resources are not well
designed to meet the needs of the decision-makers, and (c) stakeholders are not aware the
resource(s) exist. One survey in the Gulf of Mexico (Sempier & Swann, 2018) reported that of
the 109 available climate resilience tools that existed at the time, only five were listed among
potential users more than twice. Other reasons that tools are not utilized more frequently are
related to climate change, such as mismatched timescales of action and impacts, the lack of
resources (e.g., time or money), lack of understanding, differing scales of responsibility and
areas of governance, and credibility of climate change science (Eisnack et al., 2014; Gifford et
al., 2011; Moser & Ekstrom, 2010; Salon et al., 2014).
It has been suggested that stakeholder engagement during climate resilience tool
development will improve the rates of use (Fletcher et al., 2015; General Services
Administration, 2016; Raub & Cotti-Rausch, 2019). The existing literature on tool diffusion and
adoption suggests that there are standard mechanisms by which new resources diffuse and are
adopted across a network (Aizstrauta et al., 2015; Davies & Diaz-Rainey, 2011; Geroski, 2000;
Marinakis, 2012; Rogers, 2003). Research further supports the theory that via strategic
engagement the speed of diffusion and rate of adoption can be enhanced (Rogers, 2003;
Whitehouse, 1999). Engagement efforts can generally be considered as falling into one of two
categories – engagement during development or after development of the resource. Efforts
during post-development are traditionally interventions designed to increase awareness of the
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problem, increase awareness that the tool can help address the problem, and provide technical
capacity and support to use the tool. Efforts during development typically involve solicitation of
stakeholder perspectives to inform tool design and content, enhancing the usability of the tool.
Though the literature supports the theory that stakeholder engagement will improve
climate resilience tool use, there have been no studies to explore if the findings from tool
diffusion and adoption studies in other sectors translate to climate resilience tools. Climate
change has unique sociopolitical challenges that influence the perception of the problem
(Eisnack et al., 2014; Gifford et al., 2011; Moser & Ekstrom, 2010). Additionally, the majority of
existing climate resilience tools are designed for professionals that are focused on stewardship of
the built and natural environments at the local, state, and national levels. The number of
individuals who could potentially utilize these climate resilience resources is small: ~1,000 in the
Gulf of Mexico (GOMA, personal communication, October 7, 2019). Further, these
professionals are not geographically close when compared to other populations that have been
the focus of similar diffusion studies such as farmers or health professionals (Davies & DiazRainey, 2011; Lee, 2004; Rogers, 2003). Geographic proximity is an important aspect of how
information about a new tool will spread through a network of potential users (Rogers, 2003).
Finally, climate science needs to be integrated into diverse sectors and industries, making the
challenge of developing tools for audiences more complex. It is important to understand how the
current models that explore diffusion and adoption of tools apply to climate resilience tools, what
the differences are, and how those differences relate back to the methods and effectiveness of
stakeholder engagement. My work tracked a new climate resilience tool from pre-development
through adoption (or rejection) by potential end-users.

4

1.2

Project Framework and Theoretical Foundation
The Gulf Tools for Resilience Exploration Engine (Gulf TREE) is an online climate

resilience tool developed following a rigorous adherence to standardized stakeholder engagement
best practices (NOAA Office for Coastal Management, 2007, 2015, 2016) to maximize
likelihood that the final product was adopted. The overall goal of this dissertation was to describe
the approach designed and applied to build Gulf TREE, to assess use of Gulf TREE, and to
determine how the stakeholder engagement processes have enhanced or reduced use. This goal
was explored through three chapters to:
•

describe an end-user driven process to identify and address climate resilience tool needs
in the U.S. Gulf of Mexico,

•

understand end-user application of an online, interactive climate resilience tool, and

•

assess effectiveness of end-user engagement during development of an online, interactive
climate resilience tool.
Rogers’ theory and models on diffusion and adoption are the theoretical foundation for

my project design (Dayton, 2004; Rogers, 2003). The available literature analyzing Rogers’
theory of diffusion and models of adoption show strong correlation to observed diffusion and
adoption (Dayton, 2004; Dibra, 2015), signifying it was a suitable basis for my research.
Additionally, the coupled diffusion-adoption conceptualization described by Rogers provides a
clear model that explores the interrelated nature of diffusion and adoption, while still separating
the aspects that influence the innovation-decision process from diffusion (Rogers, 2003). This
consideration is important for my analyses because I separately explored mechanisms of and
influences on diffusion and adoption of Gulf TREE.

5

Rogers’ theory of diffusion describes three overall processes that are relevant to my
research: the innovation-development process, innovation diffusion, and the innovation-decision
process. The innovation-development process looks at the overarching process by which an
innovation is developed, starting with identification of a problem through the consequences of
developing an innovation to address the problem. There are six stages of the innovationdevelopment process: 1) Needs/Problems, 2) Research, 3) Development, 4) Commercialization,
5) Diffusion/Adoption, and 6) Consequences (Rogers, 2003). Five of the six stages of the
innovation-development process for Gulf TREE are explored in this dissertation (Fig 1.1).

6

Figure 1.1

Adapted from Rogers (2003) to visualize the connection between the innovationdevelopment process and the planned research.

Chapter Two primarily focused on stages One through Five, Chapters Three and Four
focused on stage Five. To comprehensively assess stage Six would require a significant amount
of time and resources that are outside the scope of this effort; however, exploring consequences
of Gulf TREE adoption would be a very interesting follow-up research question. It is important
as conclusions are drawn about different stages and their relative importance or influence on
eventual innovation adoption they can be related back to this overall innovation-development
process.
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The elements of innovation diffusion as described by Rogers (2003) were used to identify
and explore influences on the rate of diffusion. The elements of diffusion are the innovation
itself, the communication channels by which information about the innovation is shared, time,
and the social system. The innovation was explored by understanding the perceived attributes of
the innovation – relative advantage, complexity, compatibility, trialability, and observability.
This work focused primarily on characterizing perceptions of relative advantage, complexity,
and compatibility as these have been demonstrated to be most closely correlated to the decision
to adopt or reject an innovation (Dayton, 2004; Rogers, 2003). Additionally, I explored how the
perceptions of the innovation and stakeholder engagement influence diffusion.
Rogers’ (2003) phases of the innovation-decision process were also explored as part of
this dissertation. The five phases of the innovation-decision process as described by Rogers
(2003) are: (1) knowledge, (2) persuasion, (3) decision, (4) implementation, and (5) confirmation
(Fig 1.2).

8

Figure 1.2

Elements of the innovation-decision process.

Four of the five phases were explored throughout Chapters Three and Four from the
perspectives of both adopters and non-adopters. Confirmation was not explored in this research.
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Exploring phases One through Four helped to understand how the characteristics of Gulf TREE
influenced the frequency with which Gulf TREE was adopted. Confirmation was not explored
simply due to time and focus of analysis. The primary effort of this study was to understand the
relationship between the innovation-development process, diffusion, and the innovation-decision
process related to climate resilience tools and stakeholder engagement.
This research allows a better understanding of the parallels between climate resilience
tools and traditional diffusion and adoption models. This also enhanced capacity among
communication, extension, and outreach professionals working to integrate climate science into
coastal decision-making for safer, more resilient communities.
1.3

Vocabulary for this Dissertation
The terms “stakeholder” and “end-user” are often used interchangeably when discussing

engagement in the furtherance of research and tool development. Stakeholders are individuals or
entities who have a stake in the outcome of a project – this can include individuals/entities that
will not directly utilize the research or the tool. For example, in the development of a new tool,
stakeholders include the person or entity funding tool development. The funder has a vested
interest in the tool being successful; however, the funder may not be the individual/entity using
the tool. An end-user is an individual expected to use the tool. There can be overlap between the
two categories, but one does not have to be an end-user to be a stakeholder. For the purposes of
this dissertation, I focused strictly on the targeted end-users of Gulf TREE.
Another set of terms commonly interchanged are innovation, technology, tool, and
resource. Rogers defines an innovation as “an idea, practice or object that is perceived as new by
an individual or other unit of adoption” (Rogers, 2003, p. 12). Technology can include tools,
applications or “apps,” resources, or any new technology or application of existing technology to
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new concepts or in new ways (Rogers, 2003). Rogers (2003) further expounds about technology,
defining it as something that reduces uncertainty between action and desired outcome. For the
purposes of this dissertation, I adhered to Rogers’ definitions of innovation and technology,
where technology is a type of innovation specifically designed to reduce uncertainty. In
environmental science, development of tools/resources (i.e. application of existing technology to
new concepts or in new ways) are being developed to communicate scientific concepts and
encourage application of scientific data into decision-making (Mohrman, 2017; Northern Gulf of
Mexico Sentinel Site Cooperative et al., 2018; Raub & Cotti-Rausch, 2019). While there exists a
variety of perceptions associated with tool versus resource among different coastal professionals,
for the purpose of this dissertation I utilized the word tool.
1.4

Organization of Dissertation
This dissertation is comprised of three separate manuscripts, each addressing a different

research objective, with introduction and synthesis chapters. As described above, Chapter Two
focuses on the development and application of a stakeholder engagement process. Chapter Three
assess adoption and diffusion throughout the target end-users one year after release of Gulf
TREE. Chapter Four identifies any relationships between the different phases of stakeholder
engagement on the attributes of Gulf TREE and the subsequent adoption and diffusion. Finally,
in Chapter Five, I synthesize the findings across Chapters Two through Four and connect them
back to the original themes and motivations identified above.
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CHAPTER II
UTILIZING AN END-USER DRIVEN PROCESS TO IDENTIFY AND ADDRESS
CLIMATE-RESILIENCE TOOL NEEDS IN THE U.S. GULF OF MEXICO

2.1

Abstract
Many tools have been generated in recent decades to support decision-makers in

understanding and acting on climate science, causing stakeholders in the Gulf of Mexico
(Gulf) to repeatedly express the need for guidance when selecting climate resilience tools.
The Climate and Resilience Community of Practice (CoP), Gulf of Mexico Alliance
(GOMA), and the Northern Gulf of Mexico Sentinel Site Cooperative (Cooperative)
developed and implemented an end-user driven process for tool creation. Research has
suggested that integrating target end-users throughout tool development improves the
probability a tool will be utilized, yet there is little practical guidance available on how to
successfully design and implement an end-user driven tool development process. In this
study, an end-user driven process and results from implementing the process during tool
development are presented. Challenges, successful approaches, and lessons learned to support
future tool development, especially for tools focused on sharing climate science are
identified. Guidance is provided on needed expertise, timelines for engagement with target
end-users, and methods on how to solicit, analyze, and assimilate end-user needs,
perspectives, and priorities into a final product.
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2.2

Introduction
Increasingly, coastal decision-makers across local, state, and federal levels are

considering climate hazards when managing built and natural environments (California
Environmental Protection Agency et al., 2019; Fish and Wildlife Service, 2017; Landrieu &
Hebert, 2017; NERRS Science Collaborative Program, 2018; Sonnenfeld, 2019; Southeast
Florida Regional Climate Change Compact, 2010). Many resources, often dubbed “tools,”
have been generated in recent decades to support decision-makers in understanding and
acting on climate science. While designed to help coastal stewards make more informed
decisions, the tools available are so numerous and complex they leave many individuals
feeling overwhelmed and unable to find what they need (Gulf of Mexico Alliance, 2016;
Kidwell et al., 2015; Raub & Cotti-Rausch, 2019; REW PC, 2020). Further, these end-users
are rarely integrated into the tool development process, resulting in the creation of a
multitude of tools that do not fit their needs (Raub and Cotti-Rausch, 2019).
Despite the repeated calls to involve stakeholders when developing tools (General
Services Administration, 2016; Raub & Cotti-Rausch, 2019), there is little practical guidance
available to researchers, tool developers, or extension and outreach professionals on how to
successfully design and implement an end-user driven tool development process. An end-user
driven process is an iterative process between the developer and the intended end-users
focused on maximizing usability from the perspective of the user (Brancheau & Wetherbe,
1990; Dayton, 2004; Maniatopoulos et al., 2015; Raub & Cotti-Rausch, 2019; Rogers, 2003).
Research has suggested that integrating target end-users throughout tool development
improves crucial factors that potential users consider when deciding whether to use a new
tool (Crawford et al., 2002; Dayton, 2004; General Services Administration, 2016; Raub &
Cotti-Rausch, 2019). The three most important factors when an end-user decides to use a new
tool are perceived relative advantage, compatibility, and complexity (Dayton, 2004; Rogers,
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2003), all of which may be directly and indirectly improved by a well-executed end-user
driven process. These processes require transdisciplinary collaborations to ensure that
communication science, technology adoption science, and physical sciences are all being
effectively integrated. Further, they require an understanding of and relationships with the
specific networks, communities, and individuals that make up the target end-users.
Here we describe the end-user driven process we developed, which was built upon the
experiences, capacity, and processes of three boundary organizations in the Gulf of Mexico,
the Northern Gulf of Mexico Sentinel Site Cooperative (Cooperative), Gulf of Mexico
Climate and Resilience Community of Practice (CoP), and the Gulf of Mexico Alliance
(GOMA). Their end-user driven process is predicated on identifying and meeting the needs
of the intended end-users through an intentionally iterative, representative, and adaptive
process. We argue that this kind of process is especially important when dealing with
particularly complicated or wicked problems such as climate change (Levin et al., 2012).
Issues specific to these problems around perception, common understanding, and unique
socio-political needs are captured throughout the development of the tool to reduce potential
barriers around perceived complexity, relative advantage, and compatibility. The proposed
process was tested in the development of a tool to effectively address Gulf stewards’ climate
resilience tool needs. Results of this test are presented, and we identify challenges, successful
approaches, and lessons learned to support future tool development, especially for tools
focused on sharing climate science.
It should be noted that similar to tool development, it has been increasingly
recommended to involve stakeholders when conducting climate change research. Coproduction has proven successful at participants viewing the resulting science as being more
credible, accessible, and more often applied (Arnott et al., 2020; Cooke et al., 2021).
However, the co-development process outlined here is separate from co-production of
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knowledge. A climate resilience tool is a resource to convey or apply knowledge whereas
co-production is focused on creating new knowledge or gaining a new, shared understanding
(Campbell et al., 2016; Cooke et al., 2021). While some phases may overlap, researchers and
tool developers should understand the differences between co-production of knowledge and
the co-development of tools prior to applying an approach for stakeholder engagement.
2.3

Materials and Methods
This section is structured in two parts. The first subsection is a description of how the

end-user driven development process was generated and by whom. The next section is a
description of the six-phased end-user driven development process. Methods for Phases OneFive of the six-phased process are presented here. It should be noted that Phase Six, evaluate
use and efficacy, is consistently under-resourced in project budgets/timelines and is the least
often studied and implemented phase.
2.3.1

Generating the end-user development process
We convened a team of experts in technology adoption, communication, extension

and outreach best practices, and local needs including targeted end-users. Many of our team
members were from the Cooperative, GOMA, and CoP. Boundary organizations, like the
Cooperative, GOMA, and CoP, are organizations that operate at the interface of decisionmaking and research (Gulf of Mexico Alliance, 2016; Gustafsson & Lidskog, 2018; Kidwell
et al., 2015) and are well suited to support an end-user driven process because they span a
multitude of disciplines from physical to social sciences and include coastal stewards for the
built and natural environments. Target end-users in this case included a state natural resource
manager, extension specialists that focus on resilience, and a municipal planner. The team’s
recommendations were used to develop a methodological approach for identifying and
addressing stakeholder needs when considering and developing a new climate resilience tool.
These experts generated recommendations through in-person meetings, conference calls, and
18

proposal development. Recommendations were synthesized into a multi-phase, end-user
driven approach (Fig 2.1).

Figure 2.1

Multi-phased, end-user driven process developed to support tool development.
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2.3.2

End-user driven process development description
The team of experts identified that an intentional effort to build and maintain trust

between the tool developers and end-users is a critical aspect of the process across all phases.
Trust is built through open communication and honest two-way dialogue. Utilizing an enduser driven process requires significant investment from the end-users on the front-end of the
process with a delayed return on investment. All involved parties need to be cognizant of this
fact and ensure that at each step end-users are given an opportunity to express and feel
validated in their opinions and have the intended application of their feedback clearly
communicated. Further, by leveraging resources outside of peer-reviewed literature such as
reports, unpublished qualitative data, workshop notes, meeting proceedings, etc. repetitive
demands on end-users’ time can be minimized. In the following descriptions of each phase,
techniques, approaches, and best practices are identified to facilitate the development of this
trust.
Phase One, identify problem and end-users, occurs prior to any funding or tool idea
development. This phase can be both formal and informal, utilizing common techniques
employed during needs assessments (e.g., Balaswamy & Dabelko, 2002; Kinzie et al., 2002;
Mayfield et al., 2005; Rossi et al., 2019). The needs assessment should be focused on a
specific end-user group or groups and utilized to assess what condition/issue the end-users
would like changed. The needs assessment should include preliminary exploration of existing
efforts, if any, to reach the desired condition and why they are not effective. The resulting
information can be used to determine the best course of action to address the need. This is the
point at which development of a new tool or enhancement of an existing tool may be
indicated; however, a new tool should not be considered unless end-users confirm the
likelihood of the tool to move the end-users from the current condition to the desired
condition. Stewards across the built and natural environment have clearly expressed they are
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suffering from tool and information overload (Gulf of Mexico Alliance, 2016; Kidwell et al.,
2015; Mohrman, 2017; Raub & Cotti-Rausch, 2019); therefore, generating additional tools
should be a explicitly indicated and necessary step. Further, it is strongly urged to assess if an
already used tool would be suitable for enhancement or could be adapted to meet the endusers needs to reduce duplication and further over proliferation of tools. If it is determined a
new tool is necessary, only then proceed with tool development. The Phases outlined below
can also be used to modify an existing tool.
Identifying end-users is equally as critical as assessing the needs. It is not possible to
move forward into Phase Two without understanding the intended users of a new or updated
tool. End-users can vary widely depending on the identified needs and the type of tool to be
developed. Examples of end-users can include but are certainly not limited to municipal staff
(e.g., planners, emergency management, GIS analysts), state and federal staff (e.g., natural
resource managers, policy-makers), elected officials, utility authorities, extension and
outreach professionals, non-profits, and residents. Working with boundary organizations is a
highly recommended approach for appropriately identifying and building bridges to endusers, which is critical in Phase Two. However, depending on the end-user, the needs, and the
potential tool, boundary organizations are only one pathway to identifying end-users. It is
critical that tool developers know who they are building a tool for before they begin.
Phase Two, identify end-user needs and barriers to addressing the problem, has three
distinct elements: design, implementation, and data analysis. These elements work together to
ensure the data collected support development of a tool that meets end-user needs. The design
element of Phase Two is identifying a strategic process that will comprehensively capture
end-user needs and barriers. The strategy needs to account for technology adoption theory by
ensuring that data collected will identify ways to enhance perceived relative advantage,
compatibility, trialability, and observability and reduce perceived complexity (Dayton, 2004;
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Rogers, 2003). Phase Two design should also integrate social science recommendations about
how to engage with stakeholders (e.g., NOAA, 2007, 2015), which data collection techniques
to use (NOAA Office for Coastal Management, 2016a; Table 1), and how to structure the
information, engagement materials, and messaging (e.g., Akerlof et al., 2017; Bales et al.,
2015; DeLorme et al., 2018; National Academies of Science, Engineering, and Medicine,
2017; Neilson, 2018; NOAA, 2007, 2016b). Phase Two requires the greatest amount of input
from end-users with the least amount of observable benefit in the short-term; therefore, it is
essential that techniques utilized in design make the end-users feel validated and valued.
Related, it is also important in the design to include communication of how the data will be
utilized.
The implementation and data analysis of Phase Two requires expertise and sufficient
time to effectively and meaningfully execute the design. Implementation should include
appropriate time for advertising, utilizing a variety of techniques specifically designed to best
reach target end-users. Successfully reaching target end-users requires familiarity with the
end-users and benefits from having someone on the team that has established relationships
with the target end-users. One approach for this is to include target end-users on the team that
is developing the tool. Implementation and data analysis should be conducted by individuals
with expertise in facilitation and/or social science data collection and analysis. It is essential
that the collected data are analyzed and transformed into actionable information that can be
utilized during tool development. If the data collected from end-users are not utilized, it will
reduce the probability the tool will meet end-user needs and it could damage relationships
with end-users, further reducing the probability the tool will be utilized or that future
feedback will be provided (Fletcher et al., 2015; NOAA Office for Coastal Management,
2015; Raub & Cotti-Rausch, 2019; Sayce et al., 2013).
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Table 2.1

Common facilitation techniques.

Facilitation Technique

Description

Purpose

Flip Charting

Comments are captured on a
pad and posted on an easel
that can be viewed by all
participants.

Brainstorming: Small
and Large Group
Discussion

Participants share their ideas
in small groups of 5-10 people
or with all meeting
participants.
Questions are posted on easels
around the room. Participants
move from one chart to the
next in small groups and input
is recorded on flip charts by a
facilitator. Participants rotate
until they have visited all
charts.
A list of alternatives are
posted for everyone to see and
participants are given stickers
(sticky dots) to place next to
their preferred option(s).
A question is posed with a
rating scale of responses,
including a neutral midpoint
(e.g. strongly agree, agree,
neutral, disagree, strongly
disagree).
Participants share their ideas
in response to a short list of
questions posed by the
facilitator.

Allows participants to see and hear
each other’s input and creates a record
for future review. Also allows
participants to recognize they have
been heard and clarify
misunderstandings.
Gather perceptions and ideas on
specific topics. All participants have
equal status.

Brainstorming: Roving
Flip Charts

Multi-Voting (Sticky
Dot Voting)

Likert Scale

Evaluation: Large
Group Discussion

Evaluation: Anonymous
Survey

Participants complete a list of
questions about meeting
format, content, and
experience.

Gather perceptions and ideas on
specific topics, generating as many
ideas as possible and building on
contributions of different participants.
All participants have equal status.

Prioritizes a list of options, with all
participants providing input.

Measures how participants feel about
a specific topic.

Gather feedback after activities (e.g.
after a presentation or results of multivoting) or at the end of a meeting.
Encourages engagement and promotes
buy-in from participants by providing
an opportunity for comments.
Allows participants to provide
feedback on their experience. Allows
facilitators the opportunity to collect
feedback, evaluate participant
understanding of key concepts, and
improve content for future meetings.

Common facilitation techniques used to elicit feedback from meeting participants. Adapted in
part from: NOAA Office for Coastal Management. 2016. Planning and Facilitating
Collaborative Meetings. 76 pp.
Phase Three, create tool, is very dependent on the type of tool being developed and
could include updating or enhancing an existing tool instead of creating a new tool.
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Opportunities for end-users to participate during tool creation will further enhance the
benefits from an end-user driven process and can ultimately save money and time on making
changes during Phase Four. Phase Three is also when the expertise of extension and outreach
professionals is critical. Their ability to apply social science techniques in the communication
and application of physical sciences will be needed to cross-walk between the tool
developers, end-users, and scientists. Differing terminology and expectations will need to be
synergized among different stakeholders, requiring an understanding of the science being
integrated into the tool and the limitations/capabilities of the tool. Without this cross-walk
there could be mismatches during tool development that may generate barriers to tool use.
Phase Four, test and refine with end-users, should also be an in-depth process
collecting qualitative and quantitative data. Closely following the methodology of Phase
Two, Phase Four consists of the same three elements of approach design, implementation,
and data analysis that have the same considerations. The difference with Phase Four is an
additional element – tool refinement. After the data have been analyzed, it is critical that
resources and time be allotted to make recommended changes based on the end-user
experiences and feedback. As discussed earlier, without follow-through on the end-user
recommendations, tool developers risk jeopardizing relationships and reduce the probability
the tool will be utilized. Additionally, as with the design element in Phase Two, design of
Phase Four includes communication of how end-user feedback in Phases Two and Three
contributed to the current tool and how input from Phase Four will be utilized (i.e., describe
the tool refinement element).
Phase Five, disseminate tool and train end-users, is an ongoing, iterative process
reliant on continued resources after the tool is refined and is an essential aspect of tool use.
The adage “if you build it they will come” has been proven unfounded regarding tools (Raub
& Cotti-Rausch, 2019); therefore, ensuring there is time to advertise and train end-users on
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the tool’s function and purpose is critical. Advertising should consider Rogers’ Theory of
Diffusion on the importance of both common source (e.g., mass media) and inter-personal
sources (e.g., colleagues) to the diffusion of new technology throughout a community
(Rogers, 2003). Additionally, training potential end-users will help reduce barriers to tool use
such as perceived complexity, minimal relative advantage, and minimal compatibility.
2.4

Results
To meet the needs of end-users with a wide range of climate challenges and technical

capacities, a flexible, adaptable platform, Gulf TREE, was developed over the course of three
years (mid 2015 – early 2018) using the six-phased end-user driven development process
(Table 2.2). The following section is structured by Phase of development including how it
was applied and what information was gained at each Phase.

Table 2.2

Application of end-user driven process in the development of Gulf TREE.

End-User Driven Process Phases
Phase One: Identify Problem and EndUsers
Phase Two: Identify End-User Needs and
Barriers to Addressing Problem
Phase Three: Create Resource
Phase Four: Test and Refine with EndUsers

Phase Five: Disseminate Resource and
Train End-Users
Phase Six: Evaluate Use and Efficacy

Methods Used in the Development of Gulf
TREE
Cooperative, GOMA, and CoP partner
discussions, formal and informal surveys, and
feedback on existing products.
Designed and implemented workshops to collect
data on needs and barriers. Analyzed data to
inform resource creation.
Gulf TREE website development by Project
Team. Alpha testing with end-users.
Designed and implemented workshops to collect
data on resource. Beta testing with end-users.
Analysis of end-user feedback and improvements
to resource.
Workshops, trainings, and presentations to
socialize Gulf TREE resource and encourage its
use.
End-User Survey
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2.4.2

Phase One – Identify problem and end-users
Phase One was accomplished through standing networks and engagement

opportunities with the Cooperative, GOMA, and CoP. Methods employed were informal
evaluations of existing tools and resources via networking conversations and large-group
discussions and informal needs assessments at Cooperative, GOMA, and CoP annual
meetings and during subgroup conference calls. The data collected at the various annual
meetings was synthesized, summarized, and prioritized by the CoP Tools Working Group.
Working within these boundary organizations, we were able to leverage existing relationships
and opportunities to quickly and efficiently identify the needs of end-users.
Our primary end-users were coastal decision-makers at the federal, regional, state,
and local level across the built and natural environment. Secondary end-users (coastal
researchers, tool developers, and outreach and extension professionals) were also considered
in development of the tool as they frequently support the primary end-users when addressing
climate issues. The end-users identified a need for guidance when navigating the myriad of
available tools and resources around climate resilience to enhance tool selection. When
existing resources to support the selection of climate resilience tools were informally
evaluated the most prominent gap between those resources and stakeholder needs was a lack
of guidance on how to narrow down the available field of climate resilience tools. A list or
inventory, even with the additional information on the capabilities and functionality of the
tools and models, still required the user to understand the majority of the metadata, including
the implications of those metadata for a tool’s suitability to the user’s needs (REW PC, 2020;
Sempier & Swann, 2018). Without this guidance, climate resilience tools in the Gulf were
improperly or infrequently used. After completion of the tool evaluation and the subsequent
needs assessment, a Project Team that included target end-users was established. We worked
together to identify fiscal resources to support an end-user driven solution for the problem. A
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multitude of potential solutions such as on-call-tech support and additional training were
considered by end-users on the Project Team as insufficient. The best option was deemed a
comprehensive, online, interactive tool that could provide guidance on climate resilience tool
selection in real-time.
2.4.3

Phase Two – Identify end-user needs and barriers to addressing problem
Data collection for Phases Two and Four (test and refine with end-users), occurred

during two separate rounds of workshops across the Gulf. The workshops were designed and
implemented by experienced extension and outreach professionals trained in social science
techniques. Extensive effort was expended to ensure there was representation across all
intended end-user sectors at the workshops. Workshop locations spanned the entirety of the
Gulf of Mexico to capture regional differences in climate needs and were hosted in
collaboration with partners local to each area. Workshops were advertised through existing
email listservs, newsletters, webinars, and meetings. For local government staff (e.g.,
planners, environmental managers, public works, utility employees, etc.), a commonly
underrepresented demographic at workshops, direct emails and calls were utilized to further
encourage participation. When possible, these invitations were extended from trusted sources
on the Project Team.
A variety of methods were employed during the workshops to gather honest and
comprehensive input from end-users. Methods to collect data during Phase Two and Phase
Four workshops data ranged from facilitated small-group discussions, Likert-scale rating,
sticky dot prioritization, large-group discussions, roving small-group discussions, and
worksheets (Heming & Collini, 2018; Mohrman, 2017; Table 1). Additional facilitation
strategies such as priming and demonstrations were used to ensure robust data collection
(NOAA Office for Coastal Management, 2016a; Table 1). For example, Phase Two
workshops began by priming the participants to consider their own climate issues, how they
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might employ climate resilience tools, and factors critical to resilience tool selection. This
portion of the workshop was essential to ensure that participants were able to reflect on their
own experiences and be able to accurately frame responses to the questions and discussions.
Evaluations were also conducted at the close of each workshop to assess the approaches and
to evaluate perceptions and effectiveness of the content delivered.
The workshops from Phases Two and Four had representation from across national,
state, and local organizations from the built and natural environment. One hundred thirty-two
participants from 69 organizations participated in the workshops, with 45 participants
attending both workshops. Additionally, evaluation of both workshops demonstrated that
91% of participants agreed or strongly agreed it was a good use of their time, 90% felt it
increased their understanding of the project, 55% felt it increased their understanding of
climate resilience tools, and 81% planned to use the information and the final tool in
development in their future work. In-depth reports summarizing the workshops and their
results can be found online (Heming & Collini, 2018; Mohrman, 2017).
Phase Two workshops were designed to gain an understanding of end-user needs
regarding climate change resilience, climate resilience tools, and factors important to tool
selection. The goal of the new tool, as framed by the end-users, was to help them narrow the
available climate resilience tools to those that will best meet their needs – a “tool for tools.”
The information collected at the Phase Two workshops provided data on the specific climate
issues the end-users were addressing. Further, data were collected on non-climate related
issues that are important when selecting climate resilience tools, ranging from comfort with
climate terminology through available funding and time resources (Mohrman, 2017).
Analyses for Phases Two and Four also utilized similar qualitative and quantitative analysis
techniques. Quantitative analysis techniques included descriptive statistics for Likert data and
prioritization efforts and qualitative analyses included standard coding and sorting of
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flipchart notes and discussion notes (Heming & Collini, 2018; Mohrman, 2017). Data from
Phase Two workshops were further synthesized into recommendations and specific actions to
be integrated into Phase Three.
The resulting features recommended during Phase Two for the online tool spanned
both function and content. Some features were already anticipated to be part of the tool, such
as narrowing questions, elements for transparency (e.g. a list of all tools), tool factsheets and
other tool-specific outputs, identifying when tools have case studies and help features
(tutorials on how to use the tool, help boxes), and multi-platform compatibility (desktop,
tablet, smartphone). Features the Project Team had not considered included: ranked tool
recommendations, social features (e.g. tool ratings, user forums, ways to contact other users
and the developers), log-in feature to save searches, specific navigation features to move
through the tool, and ability to see progress throughout the search.
2.4.4

Phase Three – Create tool
Phase Three integrated information from Phases One and Two to develop an online

tool to support end-users attempting to identify an appropriate climate resilience tool for their
needs. The tool, dubbed Gulf TREE, was developed in collaboration with a web-design firm
and volunteer alpha-testers who were identified during Phase Two workshops. The firm was
selected specifically because of their experience and willingness to integrate and adapt to
end-user needs and responses. The alpha-testers were engaged at all major decision points
around aesthetics and functionality. Additionally, a full-time Project Coordinator crosswalked terminology between different sectors of end-users, tool developers, and web
designers to ensure clear communication and use of language. A functioning, but not
finalized version of Gulf TREE was utilized for the Phase Four workshops.
Gulf TREE’s primary function is to narrow the available climate resilience tools
through the application of filters. As filters are added, tools that do not meet the criteria of
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that filter are removed from the list of potential tools for the user. The beta version of Gulf
TREE included features specifically requested by stakeholders whenever possible and
additional features based on feedback regarding end-user comfort with climate resilience tool
concepts. Features added to Gulf TREE as a result of requests by workshop participants
included the ability to rate and leave comments on tools and an ability to track progress
through the guided search. To improve users’ comfort with climate resilience tool concepts
while using Gulf TREE, standard terminology was utilized throughout and a glossary was
generated, any available tool documentation or tutorials were included in the factsheets, and
users were connected to each other through the ability to rate tools and leave comments. Not
all end-user suggestions were within the scope of the project mission or budget; therefore,
data collected during Phase Two and discussion with target end-users on the Project Team
were utilized to identify what features and concepts were critical to include.
2.4.5

Phase Four – Test and refine with end-users
Phase Four workshops were designed to evaluate a beta-version of the tool and

identify how it could be improved. Beta-testing was intentionally scheduled late enough in
development that the online tool’s purpose and functionality was clear, but still early enough
in development that time and funding remained to allow adaptation based on end-user
feedback. Key information obtained during the workshop was identification and prioritization
of participants’ likes, dislikes, and what they felt was missing from the tool. Additional
information was solicited around specific language choices, the functionality, and other
details about the tool (Heming & Collini, 2018). Phase Four data were manually sorted,
coded, and counted to transfer data from three data collection methods (worksheets, multivoting, & brainstorming) into one interoperable database. An inductive coding approach was
applied, and two Project Team members independently reviewed the data to ensure
agreement of common themes and priorities. The feedback database built from the Phase
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Four analysis was narrowed into specific changes for Gulf TREE to enhance usability,
relative benefit, and compatibility. The feedback was narrowed by using a basic multi-criteria
decision approach based on cost, available resources (e.g., funding, time, expertise), and
stakeholder prioritization (Heming, 2018).
During Phase Four workshops, end-users identified features and aspects of the online
tool to keep, features to change, and missing features. Prioritized features to keep were
focused around ease of use, clarity of language and information communication, the large
breadth of tools that are up-to date and relevant to climate change, and the variety of filter
options addressing multiple climate issues on the coast. Participants prioritized opportunities
for improvement that focused on both functionality (e.g. specific navigation requests, layout)
and content (e.g. label presentation, specific language choices). Our data collection methods
enabled in-depth discussion around particularly complex challenges or issues. The multicriteria decision approach used to transform these data into an executable plan resulted in 14
distinct changes made to Gulf TREE to enhance usability, benefit, and compatibility (Table
2.3).
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Table 2.3

Changes made to Gulf TREE during Phase Four.

Issue
Relevant matches are not reachable in Guided
or Filtered search when there are no exact
matches
All slider-format questions are difficult to use
(i.e., Level of Effort, Level of Expertise, and
Cost)
More information (e.g., Cost) should be on the
Tool Landing Page
Users want to be able to leave, or ‘bail out’, of
the Guided Search without completing the
search and immediately go to their results
There is confusion about the difference
between ‘Exact’ and ‘Relevant’ tool matches
on the Tool Landing Page
The Guided Search and Filtered Search
language (with the two side-bar buttons) was
confusing

Solution
Show relevant matches when there are
no exact matches and when there are
Have different points on the slider selfselect the ones that are ‘included’ and
make more obvious with bolded words
and highlighted path along the slider
Add a ‘Free’, ‘$’, ‘$$’, etc. ranking on
each Tool Box in the top-right corner
Make the Tool Counter (bottom-left
corner of searches) into a ‘bail out
button’ that takes users directly to search
results
Add definition to ‘Relevant’ matches on
the Tool Landing Page

Change ‘Help me Search’ to ‘Guide my
Search on Homepage;
Change ‘Guide my search’ to ‘Guide
new search’ on Tool Landing Page;
Change ‘Top Filters’ and ‘More Filters’
to ‘Change Top Filters’ and ‘Change
More Filters’
There is no ability to save or print a list of the
Add a print page that pulls up a list of
search filters applied (not the results)
active filters
No flexibility in search bar for a tool – users
Change search bar capabilities so that it
need to type it in exactly in order for it to pop
can search entire term; required internal
up
list of potential terms for tool searches
Cost is not listed on the Tool Factsheets
Add cost as a category on the Tool
Factsheets
The geographic scope / location question is
Add a type-able search bar to search
disorganized and hard to use
each state’s counties/parishes (total of 5
search bars)
Outputs are not listed on the Tool Factsheets
Add outputs as a bulleted list on the Tool
Factsheets
Bug in ‘Limitations’ or ‘Target Audience’
Fix bug so that the header (e.g.,
heading on Tool Factsheets for Firefox browser ‘Limitations’ or ‘Target Audience’ stays
with the column
Users cannot easily access the glossary while
Add a type-able search box for the
using the search functionality
glossary terms
Additional functionality is needed to access the Add a ‘Results’ button under ‘Top
Results from the Filtered Search page
Filters’ and ‘More Filters’ on the Tool
Landing Page and Filtered Search page

These describe the issues and solutions identified by end-users and prioritized as those to be
undertaken using a basic multi-criteria decision approach.
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Positive views around functionality and potential benefit to end-users were indicators
that Gulf TREE would be utilized among targeted end-users. A majority of the respondents
were matched with a climate tool (73%, n=78) and of those respondents matched with a tool,
44% added additional unsolicited details specifying that their match appeared relevant.
Further, when queried if they intended to use Gulf TREE in the future, 89% of respondents
agreed or strongly agreed and 90% of respondents intended to contact others about Gulf
TREE.
2.4.6

Phase Five – Disseminate tool and train end-users
After completion of Phase Four, Gulf TREE was widely advertised through the

Cooperative, GOMA, and CoP networks coupled with webinars, trainings, and presentations
at professional meetings, symposia, and conferences for the different target end-users. The
Project Team included 13 individuals representing 12 different organizations who within the
first year after tool release conducted webinars, trainings, and presentations to increase
awareness of Gulf TREE. Efforts included 25 in-person presentations to over 600 people, five
tool expos, six webinars to more than 200 people, and continuous social media, newsletter,
and website postings and communications.
2.5

Discussion
Developing Gulf TREE through an end-user driven process generated many successes

that improve the likelihood that Gulf TREE will be used regularly by Gulf stewards. Roger’s
Theory of Diffusion identifies that perceived ease of use, compatibility, and applicability are
primary predictors of technology use (Dayton, 2004; Rogers, 2003). By clearly defining the
primary end-users and working with the end-users to identify their needs before and during
tool development, all three of Roger’s attributes (ease of use, compatibility, and applicability)
were addressed. Activities in Phases One, Two, Three, and Four enabled integration of key
considerations for content and functionality that enhanced ease of use and compatibility.
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Additionally, applicability of Gulf TREE for the end-users is greater because end-users
expanded the scope of the tools included and the information provided about the tools
(Heming & Collini, 2018). Further, Phase Four provided an opportunity for potential endusers to become more familiar with Gulf TREE, increasing perceived applicability and
adaptability. This is reflected in the responses of the workshop participants where 89% of
them intended to utilize Gulf TREE. Existing literature also supports the idea that end-user
participation before and during tool development lowers the barriers to application (Haße &
Kind, 2019; Maniatopoulos et al., 2015; Voinov et al., 2016).
An important follow-up study that should be conducted is to explore Gulf TREE use
and perceptions of ease of use, applicability, and compatibility among Gulf TREE target endusers after Gulf TREE was released. These data would provide insight on how intended use
and the improvements to Gulf TREE translated to adoption after release.
2.5.1

Best practices
A key best-practice was having a robust analysis approach to transform end-user

feedback into action. In each round of workshops, data were collected at seven different
locations utilizing a variety of techniques which generated complexity during data
processing. It was important to have a transparent, repeatable approach to ensure objective
characterization of end-user perceptions and needs. This was particularly critical after the
second round of workshops (Phase Four) when qualitative feedback was adapted for
quantitative decision-making. We adapted a basic multi-criteria decision approach based on
cost, available resources, and stakeholder prioritization to consider return on investment for
each potential action and determine the path forward that provided the most benefit to endusers (Heming, 2018). This approach was successful at providing a transparent and
repeatable process driven by end-user feedback. We highly recommend that such an approach
be utilized for others faced with similar decisions.
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A second best practice was building in enough time to account for the longer
timetable of end-user driven processes. While lending itself to positive outcomes, the enduser driven process requires significantly more time than a traditional top-down approach.
Utilizing the end-user driven approach for Gulf TREE required three years. We estimate
using a traditional top-down approach would have taken between 18 months to two years.
Significant time was given to collecting data from end-users, analyzing the information, and
allowing time to integrate the data into the tool. Additional time was also required for the
iterative nature of developing tools with end-users (Phase Three) through multiple rounds of
review and revision.
Another best practice was conducting Phase Four when there were still sufficient
resources and time to make substantial changes to the beta version of Gulf TREE.
Conducting the Phase Four work when we did, significantly improved our ability to modify
Gulf TREE in response to end-user feedback.
2.5.2

Lessons learned
It is important to consider the many potential sources of influence on tool

development that could conflict with or confuse end-user feedback. The most common
influences come from those involved directly in the development including the Project Team
and hired consultants (e.g., web developers). Influences that may come from the hired
consultants include limited skillsets, bias, and/or intention to adapt/mimic an already existing
product. The Project Team may also unintentionally bias the process through underestimating
necessary time and budget, unconscious biases, or administrative policies. For example, often
it is standing policy when hiring a consultant to hire the lowest bid; however, this often leads
to the above issues of limited skillsets and/or intention to adapt an existing product to save on
cost. Fidelity to the end-user driven process outlined here (e.g., adherence to social science
standards for minimizing biases, adequate budget and timelines, expertise among project
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leadership to ensure end-user feedback is prioritized) minimized competition with end-user
needs during tool development.
Another lesson learned was that though significant resources were available to
develop Gulf TREE, there were still time and fiscal limitations. There will never be enough
time or money to make all the changes requested by end-users; therefore, it is critical that
data collection throughout the end-user driven process enable a thorough understanding of
what needs are most critical and that this limitation is communicated to end-users. For
example, in the Phase Two and Four workshops a combination of qualitative (e.g. small and
large group brainstorming) and quantitative (e.g. prioritization exercises) data collection
approaches enabled robust analyses. Additionally, working with practitioners trained in social
science methods ensured that the data collected provided a comprehensive understanding of
end-user needs and perspectives. Further, the funding was one-time grant funding without
resources for long-term maintenance of the site, which could limit the long-term functionality
of the tool. Agreements were developed between the three partner organizations for basic
website hosting and continual content updates, which will extend the benefits of Gulf TREE.
However, any major issues that arise including technology incompatibilities over time are not
within the scope of these groups and could lead to reduced or cessation of function. This is a
significant limitation and one that should be considered and addressed for future tools.
2.5.3

Implications for coastal management
The results of this work provide clear guidance for a variety of audiences associated

with coastal management, including coastal stewards of the built and natural environment
(e.g., planners, natural resource managers), boundary organizations, and funders. Significant
investment in engaging the end-users led to positive outcomes for intended use. Given the
limitations in support after the release of tools, funders should consider investing in
maintenance and operations of existing tools in which significant investments have already
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been made to ensure compatibility, relative benefit, and ease of use among target end-users.
This avoids duplication in the creation of new tools that provide similar services and allow
for existing tools in which end-users have already invested time and money to be enhanced to
support additional functions.
By following this approach, overzealous tool proliferation could also be avoided.
Funders requiring end-user driven tool-development processes and/or not having tool
development as a mandatory outcome could reduce the overwhelming number of tools being
developed. Additionally, boundary organizations could find in Phases One or Two tools that
are already being used that could simply be modified or enhanced to meet the needs of the
end-users. Thoughtful and strategic tool development will reduce waste on tool development
that is not producing the desired outcomes.
Finally, stakeholders such as land managers and city planners can also use this
information as a litmus test when agreeing to participate in a tool-development process.
Target end-users of a tool can determine if in the proposed outline if there is sufficient time
and funding that their input will result in meaningful impact on the proposed tool. This will
arm the end-users with information and provide rationale to ask for the process they would
like or to not expend their valuable time on activities that have a low probability of a usable
and useful outcome.
2.6

Conclusions
Using an end-user driven process when developing tools can significantly improve

usability, applicability, and compatibility (Crawford et al., 2002; Dayton, 2004; Lee, 2004;
Raub & Cotti-Rausch, 2019). Successfully employing an end-user driven process requires an
intentional, comprehensive approach such as the one described here (Brancheau & Wetherbe,
1990; General Services Administration, 2016; Maniatopoulos et al., 2015; Raub & CottiRausch, 2019; Whitehouse, 1999), more resources than a traditional top-down approach, and
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a team with a diverse set of skills including representation of the target end-users. This
approach was tested in development of Gulf TREE, a climate resilience tool for Gulf coastal
stewards. Results of this approach indicate positive perceptions of usability, compatibility,
and applicability of the final product with high intent of end-users to utilize Gulf TREE.
Additional research needs include follow-up studies on Gulf TREE use and end-user
perceptions of Gulf TREE among those that did not participate in the development process.
The end-user driven process outlined above serves as a model for tool developers to
integrate stakeholders and end-users into tool development addressing a gap left by
recommendations to employ these approaches in existing literature (General Services
Administration, 2016; Raub & Cotti-Rausch, 2019). Though designed for tool development,
this process can be adapted when developing a wide variety of resource types for end-users.
We provide clear guidance on needed expertise, timelines for engagement with target endusers, and methods on how to solicit, analyze, and assimilate end-user needs, perspectives,
and priorities into the final product.
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CHAPTER III
UNDERSTANDING END-USER ADOPTION OF AN ON LINE
CLIMATE RESILIENCE TOOL
3.1

Abstract
Increasingly, climate researchers are pressured to generate products and tools from their

research that support informed decision-making for increased social and environmental
resilience. Despite the goal of these tools to integrate climate science into decision-making, little
follow-up study is conducted after climate resilience tools are released to understand their
effectiveness or application. It is important as limited resources across federal, state, local, and
private sectors are invested in the development of climate resilience tools to understand their
efficacy at achieving their intended purpose(s). This study leveraged Gulf TREE, a climate
resilience tool released in 2018, to assess diffusion and adoption by intended users for intended
purposes. Strategic efforts to enhance Gulf TREE via stakeholder engagement during
development and positive evaluations prior to tool release, suggested there would be a high rate
of adoption across all potential end-users; however, an end-user’s intention to use a tool does not
guarantee implementation. To expand the body of knowledge around climate resilience tool
development, diffusion, and adoption, the authors explored the following research objectives: 1)
Assess if end-users are adopting Gulf TREE; 2) Assess if end-users are adopting Gulf TREE for
the intended purpose of finding climate change resilience tools; 3) Assess if end-users from
different stakeholder categories are adopting Gulf TREE similarly. The study successfully
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determined that the climate resilience tool, Gulf TREE, was being adopted for its intended
purposes. There were not sufficient data for statistical comparisons of use between stakeholder
categories; however, general trends provided some indication of different stakeholder types
utilizing Gulf TREE with different frequencies and for different purposes. Further, the study
identified variability among sectors for how Gulf TREE was integrated into their existing suite of
tools, with federal government and Sea Grant stakeholders using Gulf TREE as their primary
resource versus academia and non-profit who appeared to have alternatives on which they
continued to rely. Finally, this study identified that usability and usefulness may not be good
indicators of tool adoption. This study expands the limited peer-reviewed assessments of a
climate resilience tool’s use. Continuing to develop this body of knowledge will allow for a
better understanding of what constitutes a successful or effective climate resilience tool, how to
improve current and future climate resilience tools, and how to best utilize limited resources
when attempting to integrate climate science into decision-making.
3.2

Introduction
Increasingly, climate researchers are pressured to generate products and tools from their

research that support informed decision-making for increased social and environmental
resilience. In the U.S., this push stems from a variety of sources and mechanisms, but the most
prominent is from climate science funders (e.g., NOAA National Centers for Coastal Ocean
Science, NSF Coastlines and People, NOAA RESTORE Science Program). Despite the goal of
these tools to integrate climate science into decision-making, little follow-up study is conducted
after climate resilience tools are released to understand their effectiveness or adoption (Ernst &
Preston, 2020; Gardiner et al., 2019; Haße & Kind, 2019). When climate resilience tools are
evaluated, it is commonly based on intended use, objective and subjective assessment of
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increased knowledge from utilizing the tool one time during a training or facilitated use, or
subjective evaluation of the tool’s usefulness by target end-users during or after a training or
initial introduction (e.g., Fletcher et al., 2015; Stephens et al., 2015). These usability evaluations
are crucial for tracking effectiveness; however, it does not capture if a tool is being adopted by
the target users. Further, if use is evaluated, results are typically integrated into reports to funders
or used internally by the development team. Rarely are these results shared publicly or published
in peer-reviewed literature, thereby preventing the development of a robust body of knowledge
that enables overarching analyses to understand if and how climate resilience tools are being
utilized after they are developed.
As limited resources across federal, state, local, and private sectors are invested in the
development of climate resilience tools; it is important to understand their efficacy at achieving
their intended purpose(s). Evaluation of if and how climate resilience tools are applied will
clarify if they are achieving their intended purpose(s), how they can better achieve their intended
purpose(s), and if not being utilized for their intended purpose(s), if they are contributing in
unintended ways to the understanding and application of climate science. For example, Keeping
Pace (Collini et al., 2016) was designed to be a guide on how to select sea-level rise models.
Informal evaluation conducted by the authors, specifically use inquiries at conferences,
workshops, and one-on-one conversations, revealed that Keeping Pace was rarely utilized for
that purpose; instead, it was being used to communicate the importance of model selection and
key concepts within sea-level rise models. As a result, the authors developed an improved
alternative, Gulf TREE. Additionally, advertisement and training on Keeping Pace shifted to
reflect the application for which it was better suited, thus optimizing the limited resources
available for encouraging use of Keeping Pace.
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Gulf TREE, a search engine to help users select a climate resilience tool that best meets
their needs, was released in 2018 in response to requests from stakeholders in the Gulf of Mexico
(Gulf). Initial scoping of Gulf TREE was a result of feedback to the Northern Gulf of Mexico
Sentinel Site Cooperative (Cooperative), the Gulf of Mexico Alliance (GOMA), and the Gulf of
Mexico Climate and Resilience Community of Practice (CoP). All three organizations are
comprised of Gulf stakeholders and partners attempting to utilize climate resilience tools.
Prioritization exercises, evaluations, and formal and informal feedback solicitations revealed that
the partners were overwhelmed by the numerous climate resilience tools available and needed
guidance on selecting the most appropriate one (Collini, 2015; Collini et al., in review; GOMA,
2016; Mohrman, 2017).
Strategic efforts to enhance Gulf TREE via stakeholder engagement during development
and positive end-user evaluations prior to tool release, suggested there would be a high rate of
adoption across all potential end-users (Heming & Collini, 2018; NOAA Office for Coastal
Management, 2015; Raub & Cotti-Rausch, 2019); however, intention to use a tool does not
guarantee implementation (Rogers, 2003; Taylor & Todd, 1995). Prior to and throughout
development, the team queried stakeholders on their needs around climate change resilience,
climate resilience tools, and features to include in Gulf TREE. During workshops where intended
end-users beta-tested Gulf TREE, 89% of workshop participants (n=67) indicated a strong
intention to utilize Gulf TREE in their work (Heming & Collini, 2018). Additionally, during
beta-testing, 73% of users found relevant tools, indicating that Gulf TREE was effective
(Heming & Collini, 2018). Though these positive results implied Gulf TREE would be used, it
did not ensure that Gulf TREE was utilized after its release in 2018.
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Given the nature of Gulf TREE – a tool that connects users to other tools – it is critical to
clearly describe what is considered adoption, or use, of Gulf TREE. For the purposes of these
analyses, the authors defined adoption as an end-user filtering the body of existing climate
resilience tools to find a tool for a specific purpose, to better understand the available breadth of
climate resilience tools, or to find additional information about a tool with which they were
already familiar. Adoption of Gulf TREE is not predicated on the subsequent decision to adopt a
tool found via Gulf TREE.
To expand the body of knowledge around climate resilience tool development, diffusion,
and adoption, the authors explored the following research objectives:
1. Assess if end-users are adopting Gulf TREE.
2. Assess if end-users are adopting Gulf TREE for the intended purpose of finding
climate change resilience tools.
3. Assess if end-users from different stakeholder categories are adopting Gulf TREE
similarly.
3.3
3.3.1

Methods and Materials
Google Analytics
Google Analytics is the web-use tracking software utilized for Gulf TREE. It provides the

number of visitors, number of visits, length of time a visitor spends on the site, which pages they
visit, which pages are the most popular, and visitor’s page navigation. The authors used analytics
from March 1, 2018 (the week of Gulf TREE release) to February 28, 2019 to establish the
number of visitors to the site. These data were further refined to estimate how many of the
visitors to the Gulf TREE website may have adopted Gulf TREE for its intended purpose. The
authors used the Google Analytics metric “Sessions” to approximate the number of times Gulf
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TREE was used based on visitor data. Sessions are defined as “…a group of user interactions
with your website that take place within a given time frame” (Google, 2019b). The authors used
the bounce rate to adjust the number of sessions. A bounced session, as defined by Google
Analytics, “…is a single-page session” (Google, 2019a). While an end-user may learn about Gulf
TREE without navigating beyond the home page, an end-user cannot use Gulf TREE for any of
its intended purposes without interacting with more than one page; therefore, uses were
estimated as the number of sessions with the bounces removed.
To estimate the total number of Gulf TREE end-users over the analysis period, this study
employed a modified version of the Google Analytic metric “Users” (Google, 2019b). The
authors modified the “Users” metric to more accurately estimate potential number of individuals
who used Gulf TREE by using the bounce rate to remove individuals who came to the site but
only interacted with one page. Google breaks Users data down by “New Visitor” and “Returning
Visitor” and provides the average bounce rate for each category. To integrate this number
accurately, the number of visitors identified as a returning visitor were removed from the new
visitors to ensure that a returning visitor was not also counted in the new visitor category. The
resulting number was then further modified by removing the number of new visitors that
“bounced” or did not visit more than one page (Eq 1).

Adjusted New Visitors = (New Visitors – Returning Visitors) * (100% - Bounce Rate)

Eq 1

Then the number of visitors classified as returning visitors was adjusted based on bounce
rate for returning visitors. This provided an estimated number of returning visitors that likely
utilized Gulf TREE (Eq 2).
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Adjusted Returning Visitors = Returning Visitors * (100% - Bounce Rate)

Eq 2

A sum of the two adjusted numbers resulted in a representative estimate of Gulf TREE
users.
3.3.2

Digital Survey Instrument
To complement the web-use tracking data, this study leveraged a digital survey

instrument deployed approximately one year after Gulf TREE release to elucidate details
regarding Gulf TREE use and performance. The authors used a sample of convenience coupled
with a snowball distribution approach (Creswell, 2014; Vogt & Johnson, 2016). Initial
distribution relied on the networks of GOMA, the Cooperative, and CoP. The survey invitation
also included a request for the survey to be further distributed among the recipient’s own
networks. Additionally, a link posted at the top of Gulf TREE encouraged users to fill out the
survey. The authors deployed the survey in spring 2019 and it remained open for four weeks.
The authors sent reminders after two weeks, three weeks, and on the final day the survey was
open. This distribution approach was free, allowed access to potential end-users with whom the
surveyor did not have direct contact, and was relatively low effort for the authors, allowing for
quick spread of the survey.
Questions from the survey used for this study focused on type and frequency of Gulf
TREE use along with information that enabled comparisons between stakeholder categories. See
full survey instrument in Appendix A. Stakeholder category options in the survey were the same
as those utilized during Gulf TREE development: academic, business/consultant, community
member/concerned resident, county/local government, federal government, non-profit, Sea
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Grant, state government, other (Heming & Collini, 2018; Mohrman, 2017). In addition to asking
users for what purpose they used Gulf TREE, the survey also asked how often they used Gulf
TREE over other resources that had similar functions for finding a new tool or for finding a tool
with which they were already familiar (Table 3.1). Each response was assigned an integer value
from 0 “I have not needed…” to 5 “Always”. All survey data were tabulated, summarized, and
compared for trends across sectors.

Table 3.1

Response options to the survey question asking respondents how often they use
Gulf TREE over other resources that had similar functions for finding a new tool
or finding a tool with which they were already familiar.

Response Options
I have not needed to find a climate resilience tool/I have not needed to find information,
including access, for a specific climate resilience tool
Never
Rarely
Sometimes
Often
Always

3.4
3.4.1

Results
Objective One and Two – assess if end-users are using Gulf TREE, and if so, are
using it for the intended purpose of finding climate resilience tools
Analysis of web analytics data from March 1, 2018 – February 28, 2019 indicated 1,114

likely Gulf TREE users throughout the year with 1,938 visits. Adjusted new visitors was 855 and
adjusted returning visitors was 258. This results in an average of 1.7 sessions per user. When
only looking at the sessions per user for returning users, the average sessions per user was 3.2
sessions per users. Additional metrics provided by Google Analytics indicated that the average
pages per session were 4.6 and the average length of session was 4.3 minutes. The digital survey
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instrument had 52 responses total in which respondents self-identified which sector they best
represented (Fig 3.1). Of the total respondents, 71.2% (n=37) were aware of Gulf TREE prior to
receiving the survey and 26.9% (n=14) of total survey respondents had used Gulf TREE (Fig
3.1). Respondents indicated they used Gulf TREE an estimated 43 times over the intervening
year. This resulted in an average of three uses per user; almost twice as much as estimated using
the web analytics.

Figure 3.1

Survey respondents to the survey (panel A) and survey respondents who indicated
they had adopted Gulf TREE (panel B).

The majority of purposes for using Gulf TREE identified by survey respondents were
intended by the project designers (Table 3.2). Two additional purposes identified by respondents
were “to present to a partner” and “shared with teachers as part of Climate Change workshop as
a possible tool to explore with students.”
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Table 3.2

Purposes for which users adopted Gulf TREE as indicated by the survey.

Uses of Gulf
TREE
Understanding
what tools are
available
Finding a tool
for a specific
purpose
Gain more
information
on an already
known tool
Other purpose

Federal State County/Local NonBusiness/
Sea
Total
Percentage
Academic
Gov.
Gov.
Gov.
profit
Consultant Grant Number
of Total
(n=3)
(n=2) (n=1)
(n=2)
(n=2)
(n=1)
(n=3) of Users
Users
1

1

2

0

1

1

1

7

50%

0

0

2

1

1

0

2

6

43%

1

0

0

1

0

1

2

5

35%

0

0

0

1

1

0

0

2

14%
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3.4.2

Objective Three – assess if end-users from different sectors are using Gulf
TREE similarly
Of the 14 Gulf TREE users identified from the digital survey instrument, there was at

least one representative in each stakeholder category except for concerned citizen (Fig 3.1).
This is to be expected, as concerned citizens are not target end-users for Gulf TREE. The
number of users from each category ranged from one to three, preventing any statistical
analyses; however, some trends could be identified. Local/county government respondents
(n=2) had 100% agreement among different types of uses (Table 3.2). Both local/county
government respondents had used Gulf TREE to increase understanding of available tools
and to identify a tool for a specific purpose and they had not used Gulf TREE to learn more
about a tool with which they were already familiar. Otherwise, there were a diversity of uses
among different stakeholder categories for different purposes (Table 3.2).
When users responded to the question about how often they used Gulf TREE over
other resources that had similar functions for finding a new tool or for finding a tool with
which they were already familiar there was also some indication of trends (Table 3.3). Sea
Grant and federal government agency respondents indicated they use Gulf TREE frequently
over other similar resources for both categories. Non-profits and academics seem to have a
wider variety of resources they utilize to find new tools and to gain information about already
known tools.
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Table 3.3

How often survey respondents said they use Gulf TREE over other resources
with similar functions.
Sector

Use to find a
new tool

Use to find
information on a
known tool

Federal Government
4
3.5
Agency
State Government Agency
3
3
Local/County Government
3
2
Non-profit
1.5
2
Academic
1.33
0.33
Business/Consultant
3
3
Sea Grant
4.33
4
Numeric value is on a scale from 0 to 5, where 0 indicates that the respondent did not need to
find climate resilience tools and 5 is that they always use Gulf TREE over other similar
resources. Average response value provided for each stakeholder category by two intended
uses of Gulf TREE.
3.5
3.5.1

Discussion
Tool Use and Its Role in Climate Resilience Tool Evaluation
The results of this study indicate that Gulf TREE was used by the target end-users for

the intended purposes. This is important to document as it demonstrates that the resources
invested into Gulf TREE, a climate resilience tool, did achieve their goal. There were 1,114
estimated users and 1,938 uses with an average session length of 4.3 minutes and 4.6 pages
per session from March 1, 2018 to February 28, 2019 based on Google Analytics. The
average pages per session and length support the assumption of use as those rates align with
observations of Gulf TREE use during beta-testing and subsequent trainings. During the
trainings and beta-testing there were no explicit data collected on time or page views;
however, for basic uses trainees were given a max of 10 minutes to explore the tool and find
solutions and generally many were done much sooner than 10 minutes even the first time
using the tool. Further, four or five pages being viewed is an indication that individuals went
to the home page, searched, and looked at two or more tool fact sheets, which reflects the use
the authors observed during the beta-testing and subsequent trainings.
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After Gulf TREE beta-test workshops, 73% had success finding a relevant climate
resilience tool and 89% of participants indicated they would continue to use Gulf TREE,
strong indicators of usability and usefulness. However, only 38% of survey respondents who
had heard of Gulf TREE had used it and only 44% of respondents who participated in the
beta-test workshop had subsequently used Gulf TREE. This supports conclusions from the
existing literature on tool adoption that intended use is not a good indicator of adoption for
climate resilience tools (Rogers, 2003; Taylor & Todd, 1995). The data also suggest that
usability, even when coupled with intention to adopt, is not a good proxy for assessing the
likelihood that a climate resilience tool is being adopted. The authors stress that evaluation of
tools must include assessment of adoption as most current peer-reviewed literature on
evaluating climate resilience tool performance is focused on usability (Fünfgeld et al., 2019;
Stephens et al., 2015).
Recently, a framework for evaluating climate resilience tools, the Knowledge Product
Evaluation (KnoPE) framework, was released (Ernst & Preston, 2020). This framework
outlines key aspects of decision-support tools that should be examined to holistically evaluate
them and explicitly addresses the need to evaluate the use of climate resilience tools. Their
framework was designed for tools that specifically support urban resilience in the face of
climate variability and change, though the principles developed in KnoPE apply to broader
types of climate resilience tools. KnoPE provides guidance on four dimensions – element
overview, scalar assessment, resilience assessment, and use assessment. Use assessment
“identifies whether and how [tools] are used… and any outcomes related to their use” (Ernst
& Preston, 2020, p. 10). The first two components of the use dimension, whether and how
tools are used, is what this study provided. KnoPE currently employs a quality over quantity
approach; therefore, while it is positive that Gulf TREE was used and purposes for which it
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was used were identified, there are not data available for direct comparison to assess
performance quantitatively.
Expanding on this point, when assessing use the authors recommend that it be a true
measure of adoption or “real use” (Haße & Kind, 2019). Because the majority of the studies
include some component of usability assessment, use is often solicited by the evaluators
and/or additional facilitation and support is given to the users when using the tool. For
example, when Fünfgeld et al. (2019) and Palutikof et al. (2019) were evaluating their tools,
they solicited case studies through which tools were used and then users provided feedback.
It is important to understand if without additional support climate resilience tools are being
adopted through a target audience, particularly if this is how they were intended to be used.
Ideally, enough data will be published that funders and tool developers will begin to have
benchmarks to quantitatively assess performance. Currently, it is extremely difficult to draw
comparisons because many of the existing studies that report quantitative indicators of use
employed a variety of metrics such as percentage of communities who used their tool or
unadjusted web analytics (Gardiner et al., 2019; Haße & Kind, 2019; Laudien et al., 2019;
Palutikof et al., 2019). Further, it is difficult to draw comparisons across these studies as they
span multiple countries, population sizes, and governance structure types all of which likely
impact adoption as well (Holmes & Butler, 2021; Moser & Ekstrom, 2010; Raub & CottiRausch, 2019). Continuing to build quantitative data on use will allow for development of
benchmarks by which to evaluate adoption and determine if additional work is needed to
refine or adapt the tool.
3.5.2

Modifying Google Analytics
Previous studies that used Google Analytics or other similar web tracking data as a

measure of awareness or use (e.g., Gardiner et al., 2019; Laudien et al., 2019; Palutikof et al.,
2019) did not discuss or apply any modifications to the analytics to better estimate use. In the
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case of this study, without this adaptation of the data there would have been an estimated
3,218 uses and 1,937 users. The authors propose a continued exploration of how to apply
resources such as Google Analytics to determine if tools are being used. The approach used
here, removing single-page or bounce sessions and users, is a more accurate representation of
Gulf TREE use because a visitor to the website cannot use Gulf TREE for any of its intended
purposes by only going to one page. Removing bounces is not a panacea; it does not
guarantee that all 1,114 estimated users utilized Gulf TREE for one of its intended purposes
and ad blocking software interferes with counts for Google Analytics. There are resources
that can be explored for further enhancing the data provided by the base Google Analytics to
better assess if visitors to a site are using the tool for the intended purpose(s). For example,
there are software that can video a user’s entire session and less robust software that can track
if certain buttons on the website are clicked. Additionally, after the period of this study,
Google Analytics began providing even more detailed breakdown of visitors and their
exploration through a User Explorer. The authors suggest that this is another alternative for
more refined assessments of use that could be easily employed to begin building a more
robust body of knowledge around quantifying climate resilience tool use.
3.5.3

Implications of Tool Use Frequency
In addition to the binary yes or no of having used Gulf TREE, this study assessed how

often users are applying Gulf TREE. On average, users applied Gulf TREE three times a year
based on the survey data, or 1.7 times based on the Google Analytics data. When Google
Analytics data are limited to only users who used Gulf TREE more than once, this number
jumps to three times per user. The difference between the survey and Google Analytics data
could be due to more frequent users of Gulf TREE being more likely to answer the survey
and/or the uncertainty associated with the Google Analytics estimates of the number of
sessions and users, even after adjusted for bounce rate. Both sources of potential inaccuracy
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seem likely, indicating average use per Gulf TREE user is probably less than three times a
year. Additionally, responses regarding how frequently users turned to Gulf TREE over other
similar tools (Table 3.3) indicate that while adopters needed climate resilience tools more
often than they used Gulf TREE, Gulf TREE was still an important resource for finding
climate resilience tools.
3.5.4

Gulf TREE Use Across Different Stakeholder Categories
The available data on how different stakeholders utilized Gulf TREE was limited (1 ≤

n ≤ 3); however, there were some identifiable trends. The data suggested that stakeholder
category may not be a good indicator for which purposes an end-user may apply Gulf TREE
(Table 3.2). The exception was the local/county government respondents (n=2) who had
100% agreement on using Gulf TREE for understanding the breadth of available tools and to
find a tool for a specific purpose. Neither of them utilized Gulf TREE to find information on
a tool with which they were already familiar. This could be because local/county government
staff already have established pathways to known tools or it could be they did not have any
known tools.
Additionally, there was variability between how different stakeholder categories
integrated Gulf TREE into their existing process for finding climate resilience tools (Table
3.3). Users from the non-profit and academic sectors indicated that they rarely used Gulf
TREE over other similar tools; therefore, it is possible that these stakeholders rely on a more
diverse suite of approaches to find climate resilience tools. However, federal government and
Sea Grant users indicated Gulf TREE was an important resource for them, using it over other
resources “Often”. This could be an indication that Gulf TREE may not be as useful for some
stakeholder categories as it is for others. Climate researchers seeking to develop decisionsupport tools should consider their target audiences’ suite of existing tools carefully and

60

determine if a new tool is warranted or if an existing tool could be refined with the new
science.
3.5.5

Limitations
Key limitations of this research are the survey sample size and potential bias of the

survey. The number of responses to the survey (n=52) and the subsequently lower number of
respondents who had adopted Gulf TREE (n=14) prevented robust determination of trends
among different stakeholder categories. Further research should be conducted to understand
if the trends viewed between stakeholder categories were an artifact of the small sample size
or were indicators of real trends. Leveraging existing networks to share the survey may have
biased the sample to those who were already familiar with Gulf TREE. Further, those who
already used Gulf TREE may have been more likely to respond to the survey. Additionally,
the reminders likely only reached the first round of potential survey respondents that were
directly contacted by the Cooperative, GOMA, and the CoP, which may have depressed
response rate. It is also impossible to assess how many people saw the survey and did not fill
it out so a response rate cannot be calculated. This method also lacked the ability to
randomize or strategically sample from various subpopulations within the target end-user
demographic. Finally, bias is likely introduced in this method as those who have greater
connections to multiple individuals within the networks are more likely to recruit to the
survey.
3.5.6

Key Takeaways
A primary takeaway from the study is that Gulf TREE, a climate resilience tool, was

adopted by users across multiple sectors; however, there were differences in how different
users applied Gulf TREE both in purpose and in their overall climate resilience tool selection.
There was variety within and across sectors for what purposes stakeholders used Gulf TREE.
Additionally, Gulf TREE appears to not be as critical for non-profits or academics, but be
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very useful for federal and Sea Grant users. This could be an indication of the diversity of
approaches for finding tools available to some sectors over others.
Another takeaway is that this study contributed to the broader body of knowledge
around quantifying climate resilience tool use. Gulf TREE was used an estimated 1,938 times
by over 1,000 different users in its first year. It was estimated that adopters of Gulf TREE
used it between two and three times over the course of the year. This was confirmed through
an online user survey that demonstrated adoption across the different sectors and frequency
of use.
Related, this study provides an example of how Google Analytics can be adjusted to
better estimate use of an online climate resilience tool and makes several other suggestions
for additional advancements. Continuing to enhance approaches for quantifying and
confirming climate resilience tool use is a critical component of effectively and efficiently
evaluating success of climate resilience tools.
Finally, highly ranked perceived usability, usefulness, and/or intention to use a tool do
not guarantee tool adoption. Gulf TREE had high rates of intention to be used (89%) and had
high rates of frequency with which it provided the desired information (73%) indicating
usefulness and usability, yet only 38% of potential users had adopted Gulf TREE.
3.5.7

Next Steps
Additional research should include an understanding of how stakeholder engagement

facilitated adoption of Gulf TREE and explore additional aspects of the adoption-decision
process to better understand drivers of the observed adoption rates. Research indicates that
tool use will be greater if stakeholders are engaged throughout the process (GAO, 2014;
NOAA Office for Coastal Management, 2015; Raub & Cotti-Rausch, 2019) and Gulf TREE
had a robust stakeholder engagement process (Collini et al., in review; Heming & Collini,
2018; Mohrman, 2017). This positions it well for a study exploring the link between adoption
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and stakeholder engagement. Further, those findings could be linked back to the adoptiondecision process as defined by Rogers (2003) to better understand how the progression from
knowledge to adoption may be impacted by stakeholder engagement. Additionally, it is
critical to understand any relationships that exist between the diffusion and adoption of
climate resilience tools and socio-political issues around climate change. Not all communities
are prioritizing climate change, which could potentially diminish the use of climate resilience
tools. Further, addressing climate change frequently requires funding, expertise, and time
outside of existing budgets and capacity (Fünfgeld et al., 2019; Moser & Ekstrom, 2010). For
underserved and under resourced communities, this could also diminish the use of climate
resilience tools. Finally, the political contention around climate change may also influence
how climate resilience is being discussed and pursued (Moser & Ekstrom, 2010), which may
also influence the rate of diffusion and adoption of climate resilience tools. Understanding
these relationships will help professionals across the climate resilience spectrum better
develop and disseminate climate resilience tools.
3.6

Conclusion
This study is a needed contribution to peer-reviewed literature quantifying a climate

resilience tool’s use and exploring mechanisms by which to accurately capture use. The study
successfully determined that the climate resilience tool, Gulf TREE, was being adopted for its
intended purposes. There were not sufficient data for statistical comparisons of use between
stakeholder categories; however, general trends provided some indication of different
stakeholder types utilizing Gulf TREE with different frequencies and for different purposes.
Understanding that the tool was used and for its intended purposes provides valuable
feedback for assessing if the resources spent developing the tool were well utilized. However,
further research is needed to assess what, if any, role stakeholder engagement played in the
adoption-decision process to understand the return on the time and money invested for the
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stakeholder engagement process. Additionally, it is impossible to assess if the number of uses
of Gulf TREE over the intervening year or the adoption rate are relatively high or low
without additional published data on other climate resilience tools. Continuing to develop this
body of knowledge will allow for a better understanding of what constitutes a successful or
effective climate resilience tool, how to improve current and future climate resilience tools,
and how to best utilize limited resources when attempting to integrate climate science into
decision-making.
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CHAPTER IV
EFFECTIVENESS OF END-USER ENGAGEMENT DURING DEVELOPMENT OF AN
ONLINE CLIMATE RESILIENCE TOOL
4.1

Abstract
Research on effective technology development suggests that a process in which targeted

end-users and audiences are engaged prior to and during technology development leads to
greater adoption of the technology (Ahmad et al., 2012; Johnson et al., 2007; Raub & CottiRausch, 2019; Salvo, 2001; Voinov et al., 2016). Developing effective technologies is critical in
the climate resilience field because the social and environmental threats posed by climate change
can be proactively met with strategic mitigation and adaptation action if decision-makers have
access to usable and useful information (Jay et al., 2018). Funders, stakeholder engagement
specialists, and other tool developers have recommended climate resilience tool developers also
integrate end-users during tool development in order to increase frequency of tool adoption
(Fletcher et al., 2015; General Services Administration, 2016; Raub & Cotti-Rausch, 2019;
Stephens et al., 2015). However, little is known regarding how end-user engagement during
climate resilience tool development ultimately influences adoption of new technology (Ernst &
Preston, 2020; Fletcher et al., 2015, 2015; Koh et al., 2011). End-user engagement and iterative
design processes are time intensive and expensive; therefore, it is important to understand and
document the impact end-user engagement ultimately has on climate resilience technology
adoption. This research explored three objectives related to understanding the role of stakeholder
engagement on technology diffusion and adoption using a recently released climate resilience
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tool, Gulf TREE. Our results indicated that end-user engagement directly improved end-users’
perceptions of the climate resilience tool and that engagement at different phases of the
development process contributed to improving different aspects of the tool (e.g., relative benefit,
compatibility, complexity). These findings suggest that tool developers will not be able to
accomplish both high relative benefit and low complexity by engaging end-users only one time
during development and that timing in relation to development is critical. Finally, these results
demonstrate that engagement is also important for increasing adoption, diffusion, and
progression through the phases of the innovation-decision process.
4.2

Introduction
Research on effective technology development suggests that a process in which targeted

end-users and audiences are engaged prior to and during development leads to greater adoption
of the technology (Ahmad et al., 2012; Johnson et al., 2007; Raub & Cotti-Rausch, 2019; Salvo,
2001; Voinov et al., 2016). Technology can include tools, applications or “apps”, resources, or
any new technology or application of existing technology to new concepts or in new ways
(Rogers, 2003). Previous research has demonstrated that stakeholder participation in the
development process leads to changes in the technology outputs/functionality along with changes
in end-users’ perception of and intention to utilize new technology (Crawford et al., 2002; Salvo,
2001; Voinov et al., 2016). For example, Whitehouse (1999) demonstrated a significant change
in an approach to developing signs for the visually impaired. In this study, available published
research for designing materials for the visually impaired provided little guidance on the
diversity of needs among this end-user group; however, an iterative, end-user driven process
throughout the project provided extensive data that enabled design of a system that was usable
by a broader set of end-users (Whitehouse, 1999).
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Developing effective technologies is critical in the climate resilience field because the
social and environmental threats posed by climate change can be proactively met with strategic
mitigation and adaptation action if decision-makers have access to usable and useful information
(Jay et al., 2018; National Academies of Sciences & Medicine, 2021). For example, a warming
world represents changes in sea level that could lead to negative impacts in economically critical
coastal zones if individuals and communities do not take steps to reduce and avoid exacerbated
flood risks (Fleming et al., 2018). Additionally, climate mitigation strategies significantly reduce
the amount of sea-level rise for which communities must prepare (Sweet et al., 2017). Public
health will be threatened by more frequent and intense heat waves if actions are not taken to
expand currently available shelter capacity and retrofit existing public and private buildings (Ebi
et al., 2018). Changing rainfall patterns will generate agricultural challenges and exacerbate
inland flood risk that will need to be considered to protect vital crops and inland communities
(Wuebbles et al., 2017). There is a rapidly growing body of information to support increased
climate mitigation and adaptation; however, very little research has been conducted to assess the
effectiveness of existing tools that provide that information to decision-makers and other
stakeholders (Collini et al., 2021; Ernst & Preston, 2020; Palutikof, Street, et al., 2019).
Given the importance of effective climate resilience tools, funders and stakeholder
engagement specialists recommend that climate resilience tool developers integrate end-users
during tool development as means to increase tool adoption (Fletcher et al., 2015; General
Services Administration, 2016; Raub & Cotti-Rausch, 2019; Stephens et al., 2015). For example,
after interviewing members of the coastal zone management community, Raub and Cotti-Rausch
(2019) recommended that end-users be engaged from the beginning of the project to foster use of
tools. This includes conducting needs assessments prior to the decision to develop a tool to
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ensure that unnecessary tools are not being developed (Collini et al., in review). As in other
sectors, engagement is thought to enhance the likelihood that stakeholders will utilize the final
product due to increased familiarity and buy-in and inclusion or modification of tool features to
improve the adaptability and/or relevance of the tool (Crawford et al., 2002; Raub & CottiRausch, 2019; Salvo, 2001; Voinov et al., 2016).
However, little is known regarding how end-user engagement during climate resilience
tool development processes ultimately influences adoption (Ernst & Preston, 2020; Fletcher et
al., 2015, 2015; Koh et al., 2011). Raub and Cotti-Rauch (2019) recommend that end-users be
integrated into product development processes to improve tool application, but they did not
present data or case studies demonstrating that when end-users were engaged, tools were more
likely to be utilized. Even among non-climate resilience technology development research, there
is little empirical evidence of how the end-user engagement ultimately changes application. For
example, Aizstrauta et al. (2015) demonstrated how assessments that rely on end-user perception
of a technology correlated closely with use of a technology (e.g., Skype). Yet, there was no
discussion of how end-users had been involved in the development of the technology and how
that might have ultimately influenced its use (Aizstrauta et al., 2015). Researchers assume that
the signs from the Whitehouse (1999) effort were utilized more than if they were designed
without an iterative process; however, there were no follow-up studies to understand how enduser participation in development ultimately influenced use. Similarly, in climate resilience,
Stephens et al. (2015) assessed the usability of a sea-level rise viewer by soliciting feedback
from end-users and subsequently updated the viewer based on that feedback; yet, after updates,
there were no follow-up studies to identify how or if the tool had been used and what, if any,
effect end-user input had on tool adoption.
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End-user engagement and iterative design processes are time intensive and expensive;
therefore, it is important to understand and document the impact end-user engagement ultimately
has on climate resilience tool adoption. Additionally, if climate resilience information is not
being accessed and applied, it is critical to develop new approaches to ensure effective climate
change mitigation and adaptation action. To understand how end-user engagement affects
adoption of new climate resilience tools, the authors assessed the adoption of a climate resilience
tool developed in collaboration with end-users – Gulf TREE (Collini et al., 2021). Gulf TREE is
a climate resilience tool whose purpose is to help users determine which climate resilience tool
they should use for a specific project or climate question. It was developed after multiple needs
assessments identified that target end-users felt overwhelmed by the volume of available climate
resilience tools and wanted help determining which to use. The process by which Gulf TREE
was developed has been described (Heming & Collini, 2018; Mohrman, 2017) and diffusion and
adoption were confirmed (Collini et al., 2021). To explore the effects of end-user engagement on
tool diffusion and adoption, we pursued the following research objectives:
1.

Assess how integrating end-users throughout the development of Gulf TREE
impacted Gulf TREE’s relative benefit, compatibility, and complexity.

2.

Assess if integrating end-users at each phase of Gulf TREE development was
equally as impactful on relative benefit, compatibility, and complexity.

3.

Assess how integrating end-users throughout the development of Gulf TREE
impacted diffusion and adoption rates.

Our research was guided by Rogers’ theory of innovation diffusion (Rogers, 2003),
which conceptualizes two processes that are relevant to our research: influences on innovation
diffusion and the innovation-decision process (Fig 1.2). There are four elements related to
diffusion of an innovation: attributes of the innovation itself, the communication channels by
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which information about the innovation is shared, time, and the social system through which the
innovation is diffused. The five phases of the innovation-decision process are knowledge,
persuasion, decision, implementation, and confirmation (Rogers, 2003, Fig 1.2). To better
understand influences of end-user engagement on diffusion, we focused our research on the
attributes of the innovation, and for enhanced understanding of influences on adoption, we
explored progression through the innovation-decision process. The specific attributes of the tool
that were studied were relative benefit, compatibility, and complexity. Relative benefit is the
concept that an innovation is better than the one it replaced. Compatibility is a measure of how
much an innovation aligns with the existing values, experiences, systems (e.g., computer
hardware), and needs of the potential adopters. Complexity is about how difficult it is for
adopters to use the innovation.
4.3
4.3.1

Materials and Methods
Digital Survey Instrument
We utilized a mixed-methods approach to assess impact of end-user engagement during

Gulf TREE development. One year after Gulf TREE’s release, a digital survey instrument to
assess stakeholder use and perspectives (Appendix A) was distributed via a sample of
convenience through the networks of existing boundary organizations, the Gulf of Mexico
Alliance (GOMA), the Northern Gulf of Mexico Sentinel Site Cooperative (Cooperative), and
the Gulf of Mexico and Climate and Resilience Community of Practice (CoP; see detailed
description in Collini et al, 2021). We deployed the instrument in spring 2019 and left it open for
four weeks. We sent reminders after two weeks, three weeks, and the final day the survey was
open.
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Questions used in the digital survey focused on two primary ways end-user engagement
can impact relative benefit, compatibility, and complexity: 1) understanding of the resource and
2) development of features that enhance attributes of Gulf TREE. Engagement for Gulf TREE
occurred in three phases: 1) design (predevelopment input), 2) early development (alpha-testing),
and 3) late development (beta-testing). We asked survey respondents to describe their level of
participation in the different engagement phases and if they had used Gulf TREE. We also asked
survey respondents how important certain features were to making Gulf TREE a productive and
easy-to-use resource. The features evaluated were those that were explicitly included due to enduser input at different engagement phases. Respondents indicated on a 5-point scale the level of
importance of each feature ranging from “Not Important” (1) to “Very Important” (5) or N/A.
We performed basic descriptive statistical summaries for these data (i.e., average, range,
standard deviation) and identified any trends or indicators of difference. Because our sample
sizes were unequal and our data were not normally distributed (Shapiro-Wilk normality test), we
used a Kruskal-Wallis (KW) test to look for significant differences among the features when
grouped by stage of engagement and contributions to different attributes (relative benefit,
complexity, compatibility) of Gulf TREE. We ran the KW test in base R version 4.1.0 and set
our level of significance at p < 0.05.
4.3.2

End-User Interviews
To supplement the data collected via the digital survey instrument, we conducted semi-

structured, one-on-one interviews. The interviews focused on eliciting additional information
regarding features that resulted from different stages of end-user engagement and on
understanding potential end-users’ perceptions of Gulf TREE’s attributes (interview guide
available in Appendix B). Interview requests were sent directly to those who indicated in the
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digital survey a willingness to be interviewed. We sought additional interviewees via advertising
through the GOMA, CoP, and Cooperative networks and organizational social media. A portion
of each interview was dedicated to open-ended inquiry about what aspects of Gulf TREE
encourage or discourage use and exploring how these features affected perceived relative benefit,
complexity, and compatibility. Interviewees also described what effect, if any, the engagement
itself had on their perceptions of relative benefit, complexity, and compatibility. Targets for the
interviews included adopters, non-adopters, multiple sectors (e.g., local, state, federal
government, non-profits, academia), and participants and non-participants in engagement
opportunities. Interviews were conducted until no additional themes appeared (i.e., saturation).
We recorded interviews via Zoom or Webex and simultaneously took notes. Interview
summaries were developed promptly following the interviews and shared with the interviewee to
further ensure accurate characterization of their perspectives and opinions (i.e., member
checking, Vogt & Johnson, 2016). The interviews were transcribed utilizing Zoom or WebEx
conferencing software and manually corrected. The transcripts were coded using a deductive
codebook approach (Vogt & Johnson, 2016). The preliminary codes within the codebook were
based on the phrases used to structure the digital survey instrument and anticipated responses to
questions about relative benefit, compatibility, and ease of use. These phrases were developed
based on feedback collected during Phase Three (beta-testing) engagement (Heming & Collini,
2018) and existing research on tool adoption (Dibra, 2015; Rogers, 2003). The codes were
categorized and utilized to determine themes. Themes and other conclusions were confirmed
against the member-checked interview summaries to ensure alignment. The data were utilized to
qualitatively describe interviewees’ perspectives.
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4.4

Results

4.4.1

Survey and Interview Responses
As described in Collini et al., (2021), there were 52 responses to the digital survey

instrument across multiple sectors (Table 4.1). A majority of respondents (71.2%; n=37) were
already aware of Gulf TREE and 26.9% (n=14) had used Gulf TREE (Table 4.1).
Table 4.1

Number of survey respondents by end-user type, previous use of Gulf TREE,
interviewees, and interviewees included in the analysis.

End-User Type
Federal Government
State Government
Local/County
Government
Non-profit
Academic
Business/Consultant
Sea Grant
Concerned Citizen
Total

Number of
Survey
Respondents
10
16

Number of Gulf
TREE Users from
the Survey
2
1

Number of
Interviewees
2
2

Number of
Interviewees
Included in
Analyses
2
1

3

2

2

0

7
7
4
4
1
52

2
3
1
3
0
14

5
3
2
1
0
17

2
2
2
1
0
10

Seventeen potential end-users were interviewed from across the Gulf Coast representing
a range of sectors, adopters, and engagement levels (Table 4.1). In the analyses for our research
objectives, we included only data from the ten interviewees that had knowledge of Gulf TREE
prior to the interview and were familiar with its functionality (Table 4.1). The other seven
interviewees did not have knowledge of Gulf TREE and/or were not familiar with its
functionality; therefore, they were not included in these analyses as they were unable to describe
perceived attributes of Gulf TREE. Not all ten of the included interviewees had adopted Gulf
TREE; however, they had at least gone through all three aspects of the Knowledge Phase of the
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innovation-decision process (i.e., recall of information, comprehension of messages, and
knowledge or skill for effective adoption of the innovation; Rogers 2003). This consisted of
attending one or more of the engagement opportunities or exploring Gulf TREE on their own
after they were made aware of its existence and purpose.
4.4.2

Objective One – Assessing how integrating end-users throughout the development
of Gulf TREE impacted perceptions of Gulf TREE’s relative benefit,
compatibility, and complexity
Most features that were included in Gulf TREE due to end-user engagement scored as

important for productive and easy use (Table 4.2). On a scale ranging from 1 (Not Important) to
5 (Very Important), 15 of the 20 features evaluated received a score of 4 (Important) or better,
and an additional two features scored a 3.92. Only two features had multiple occurrences of
survey respondents scoring it as Not Important or of Little Importance: “Color Scheme” and
“Ability to Share Search Filter”. During interviews, the features mentioned most often by the
interviewees also fell within the top 10 scored features. These were the filters, the guided search,
and the tool fact sheets.
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Table 4.2

Results of the online survey where respondents scored the importance of the
feature to usability. Subsequent columns identify the phase of end-user
engagement, the attribute of Gulf TREE impacted by the feature, and the rationale
for why that feature impacted that attribute.

Engagement
Phase
Phase One:
Predevelopment
engagement

Phase Two:
Alpha-testing

Phase Three:
Beta-Testing

Feature
Level of effort filter
Level of expertise filter

Average Score of
Feature's
Importance to
Usability ± SD
4.00 ± 1.00
4.09 ± 0.94

Innovation Attribute
Impacted
Relative Benefit
Relative Benefit

Data requirements filter

4.27 ± 0.79

Relative Benefit

Tool output filter
Planning stage filter
Tool landing page

4.63 ± 0.51
4.09 ± 0.94
4.25 ± 0.62

Tool fact sheet

4.25 ± 0.87

Case studies on fact sheets

4.33 ± 0.78

Color scheme
Graphics
Guided v filtered

2.17 ± 1.11*
3.5 ± 1
4.45 ± 0.82

Relevant matches

4.67 ± 0.65

Video tutorial
Glossary search bar
County maps
Typeable search bar
Tool counter
Tool nickname
Relevant match definition
Ability to share search filters

4.00 ± 0.89
3.92 ± 1.17
4.25 ± 0.75
4.17 ± 0.72
3.92 ± 1.00
4.08 ± 1.00
4.00 ± 0.85
3.54 ±1.13

Relative Benefit
Relative Benefit
Complexity
Relative Benefit;
Complexity
Compatibility; Relative
Benefit
Complexity
Complexity
Complexity; Compatibility
Compatibility; Relative
Benefit
Complexity
Complexity
Complexity
Complexity
Complexity
Compatibility; Complexity
Complexity
Complexity

*Based on Kruskal-Wallis test, Color scheme was significantly lower scored than case studies on
fact sheets, county maps, data requirements filter, guided v. filtered, relevant matches, tool fact
sheet, tool landing page, and tool output filter and was statistically similar to the remaining
features.
Each of the features added due to stakeholder engagement is related to one or more of
Rogers’ (2003) attributes (Table 4.2). Thirteen of the features were related to reducing the
complexity of Gulf TREE, eight enhanced the relative benefit of Gulf TREE, and four
contributed to the compatibility of Gulf TREE (Table 4.3). The features enhancing relative
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benefit were those end-users identified as addressing something important when selecting a tool
(e.g., the ability to filter by tool cost). Features associated with compatibility aligned Gulf TREE
with existing nomenclature and processes for considering tools (e.g., showing relevant matches
that may require additional funding aligns with the traditional practice of seeking small grants if
a good option is not within an end-user’s current budget). Features that reduced complexity were
those that made using Gulf TREE more intuitive for the end-users (e.g., inclusion of a county
map). In response to the question “How important are the following features to making Gulf
TREE a productive and easy-to-use resource?”, features associated with compatibility and
relative benefit scored, on average, 4.38 ± 0.24 and 4.29 ± 0.25 respectively. Features associated
with complexity scored an average of 3.89 ± 0.58. Significant differences were found between
compatibility and complexity (KW, p = 0.007) and relative benefit and complexity (KW, p =
0.008).
Table 4.3

Frequency with which features relevant to different attributes were developed
within the end-user engagement process.

Attribute
Relative Benefit
Compatibility
Complexity

Total
Features
8
4
13

Phase One:
Pre-development
7
1
2

Phase Two:
Alpha-testing
1
2
3

Phase Three:
Beta-testing
0
1
8

Interviewees were asked to describe their perceptions of Gulf TREE’s relative benefit,
complexity, and compatibility (Fig 4.1). Relative benefit was considered high among the
interviewees, with 70 percent of interviewees’ description being categorized as a high level of
relative benefit (e.g., “It is faster and more effective than me doing a bunch of Google searches
trying to figure things out.”) and 20 percent as a moderate level of relative benefit (e.g., “I go
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there because it is easier to remember than other sites”). The remaining interviewee did not find
much relative benefit (e.g., “[I] just primarily Google and I’ll dive in on that…and I guess I’ve
never gotten to the point where I was just not finding what I needed”).

Figure 4.1

Results of interviewees when asked to weight the relative benefit (panel A),
compatibility (panel B), and complexity of Gulf TREE (panel C). Data shown for
those who were involved in end-user engagement, those who were not, and the
combined total of all interviewees.

Eight of the 10 interviewees described compatibility of Gulf TREE, and they did not
describe compatibility as highly as relative benefit (Fig 4.1). Sixty five percent of interviewees
described the compatibility to be high (e.g., “Definitely compatible with my workflow.”
“Confident in what Gulf TREE matches me with.”). A quarter of the interviewees described a
moderate level of compatibility, claiming they felt that parts of the tool were compatible while
others were not (e.g., “Gulf TREE is easier than other websites and there are specific times I
need it. But… I can get overwhelmed by all the choices.”). The same interviewee who found little
relative benefit from Gulf TREE also found little compatibility with their process.
Not all interviewees discussed complexity (Fig 4.1); however, of those that did (n=9),
88% agreed that complexity was low (e.g., “Easy to use and quick at directing you to the right,
you know, to the tools that are out there.”). One interviewee described Gulf TREE as moderately
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easy to use, stating that the parts they use regularly were easy to navigate, but less with the
infrequently used components.
4.4.3

Objective Two –Assess if integrating end-users at each phase of Gulf TREE
development was equally as impactful on relative benefit, compatibility, and
complexity
Respondents’ scores on the importance of different features for the overall usability of

Gulf TREE indicated almost no differences between phases of engagement. Features that were
developed from Phase One (pre-development) and Phase Three (beta-testing) scored slightly
higher and with less variability (respectively average score = 4.24 ± 0.20; average score = 3.99 ±
0.21) than features developed during Phase Two (alpha-testing; average score = 3.70 ± 1.13). No
significant difference was found between them (KW, p = 0.058). Out of the 20 features that were
scored, three of the top five are from Phase One of stakeholder engagement (case studies on fact
sheets, tool output filter, data requirements filter). Highly scored features were developed in each
phase of stakeholder engagement; however, only two in the top 10 came from Phase Two (alphatesting) with the remaining two features from Phase Two receiving the two lowest scores.
We also assessed in which phase of engagement features related to each attribute were
suggested by end-users (Table 4.3). A greater proportion of features related to relative benefit
were proposed during Phase One (pre-development) and a greater proportion of features related
to complexity were proposed during Phase Three (beta-testing).
Interviewees told us that the Phase One (pre-development) workshop was the most
critical phase contributing to Gulf TREE being a usable and useful tool (e.g., “…the first one that
just talked about what it was going to be and what it could be used for was probably the most
useful”; “I think they were all needed, but I think the most critical one is the initial
engagement”). They indicated that the Phase One workshop was essential for their own
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understanding of the purpose of Gulf TREE and for making sure it was relevant. They also
commented that by Phase Three (beta-test) Gulf TREE was already fairly user friendly and that
the improvements there were small tweaks to enhance ease of use. This was reflected in the
survey data as well, where the high proportion of features related to complexity appeared in
Phase Three (beta-testing; Table 4.3). Other comments indicated that Phase Three was more
beneficial as a training and that the improvements that followed were helpful but did not change
the essence of the tool or how it functioned.
4.4.4

Objective Three – Assess how integrating end-users in the development of Gulf
TREE impacted diffusion and adoption rate
Survey data indicated 40% of those who had participated in engagement activities used

Gulf TREE and 33% of those who had heard of Gulf TREE but had not participated in
engagement activities used Gulf TREE (Fig 4.2). Barriers to use varied between those who were
and were not engaged (Fig 4.3). Seventy three percent of non-users who were engaged did not
use Gulf TREE because they had not needed a climate resilience tool. For those who were not
engaged, not needing a climate resilience tool accounted for less than half the reasons cited for
not using Gulf TREE. The remaining reasons from respondents who were not engaged were
rooted in the knowledge state of the innovation-decision process (Fig 4.3). Those who had been
engaged identified barriers from knowledge, persuasion, and confirmation stages (Fig 4.3).
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Figure 4.2

Proportion of survey respondents who had and had not used Gulf TREE separated
by whether they had or had not attended a Gulf TREE workshop.

Figure 4.3

Barriers to use of Gulf TREE among survey respondents. Panel A) shows barriers
for those who attended at least one workshop and panel B) shows barriers for those
who did not attend any workshop.
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Interview respondents indicated multiple impacts from stakeholder engagement.
Interviewees across multiple sectors identified participation in the engagement generating a more
“vested interest” in Gulf TREE (e.g., “I had a vested interest in like seeing this tool succeed”).
Reasons for feeling vested in Gulf TREE included feeling as though they were participants in the
development (e.g., “I don’t know that I would’ve necessarily known about it or been as prone to
using it and sharing it if I had not been part of the workshops”), had spent time focusing on the
tool so they wanted to use it (e.g., “when people are exposed and have the time to learn about a
tool and it makes the want to learn more about the tool”), and being better able to understand
and use Gulf TREE (e.g., “I feel confident in what Gulf TREE matches me with because of the
training”). Additional impacts of stakeholder engagement indicated by interviewees were that it
increased the user friendliness (i.e., reduced complexity) and the relevance (i.e., increased
relative benefit).
Interviewees who did not participate in the development process of Gulf TREE, but
subsequently became users, also stressed the importance of stakeholder engagement after the tool
had been released. For example, one interviewee identified a Gulf TREE training they
participated in as the key to their decision to use Gulf TREE (“I feel confident using it, I think, a
large part of that is because of the training.”). The interviewee also described similar reasons
regarding time investment as those who had been involved in the engagement. Additionally,
another interviewee, said the primary way they will adopt decision support tools in general is
through training (“Most of the time there’s a lot of public announcements out here and
sometimes that can be noise… I think training is the most widely used [way of learning about
tools] for us.”). Finally, another interviewee who did use Gulf TREE but did not participate in a
training or engagement, experienced multiple instances of demonstrations and presentations
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about Gulf TREE (“I saw five demonstrations or presentations in as many months”) which
prompted them to use Gulf TREE.
To assess how participation in the development and engagement at any phase may have
directly impacted perception of Gulf TREE attributes, descriptions of attributes by interviewees
who did and did not attend workshops were compared (Fig 4.1). Overall, there was a greater
distribution of opinions about relative benefit, compatibility, and complexity, among those who
had been engaged; however, the overall trend was still very similar between engaged and not
engaged. The scoring of features in the surveys between the respondents who had been engaged
and had not did not show any trends of difference.
4.5
4.5.1

Discussion
Objective One - Assess how integrating end-users throughout the development of
Gulf TREE impacted Gulf TREE’s relative benefit, compatibility, and complexity
Engaging target end-users had a positive impact on the overall usability of Gulf TREE.

Previous research suggests that engaging end-users enhances products (Ernst & Preston, 2020;
Palutikof, Rissik, et al., 2019; Raub & Cotti-Rausch, 2019); however, no studies directly
identified features that were included as a result of end-user engagement and then had users,
whether engaged in development or not, score the importance of those features in making the
tool productive and easy-to-use. Further, because each feature can be linked to one or more of
Gulf TREE’s attributes of relative benefit, compatibility, or complexity, and most features were
scored highly (Table 4.2), our results indicate each attribute was positively influenced by
stakeholder engagement. The interview data further supported the finding that users had a high
amount of perceived relative benefit and compatibility, and low complexity. High amounts of
relative benefit and compatibility and low amounts of complexity are tied to greater amounts of
diffusion and foster faster adoption rates (Rogers 2003). This study links robust stakeholder
86

engagement to improved climate resilience tools and enhanced perception of the resources after
the climate resilience tool is released. While comparison between adoption of Gulf TREE with
and without these features are not possible, it has been adopted both by those who were engaged
and those who were not (Collini et al., 2021), indicating that it is both diffusing among potential
end-users and being adopted.
It should be noted that not all end-user or stakeholder engagement is the same. The
stakeholder engagement employed in the development process of Gulf TREE followed the
current best-practices (e.g., NOAA Office for Coastal Management, 2015). Other studies have
also indicated that for these results to be realized, robust, skillful engagement needs to occur,
including integration of the engagement findings into the climate resilience tool (e.g., Haße &
Kind, 2019; Heming & Collini, 2018; Mohrman, 2017). Previous examples have cited as much
as half of a development budget being devoted to end-user engagement as a best practice (e.g.,
Laudien et al., 2019, Collini et al., in review).
4.5.2

Objective Two – Assess if integrating end-users at each phase of Gulf TREE
development was equally as impactful on relative benefit, compatibility, and
complexity
Our results suggest that stakeholder engagement at every phase is not equally as

impactful on perceptions of relative benefit, compatibility, and complexity, though multiple
phases of engagement are necessary to maximize the likelihood of diffusion and adoption. Phase
One (pre-development) and Phase Three (beta-testing) were both scored as more critical for
usefulness and usability than Phase Two (alpha-testing), though all were scored as relatively
important. Additionally, fewer features were identified as a result of Phase Two overall, and the
features identified ranged from some of the most critical for usability (e.g., relevant matches;
guided vs. filtered search) to some of the least critical (color scheme, graphics). This could have
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been for multiple reasons, including the nature of alpha-testing, particularly after following such
robust Phase One engagement, many questions were already addressed. Another reason could
have been because end-users were integrated into the team that developed Gulf TREE, and their
contributions were not documented as being a result of end-user engagement. This could have
minimized the number of contributions obtained during Phase Two overall.
Phase One (pre-development) engagement appears to be critical for successfully shaping
aspects of a resource that enhances relative benefit, and Phase Three (beta-testing) was important
for further reducing complexity. The greater scoring of features related to relative benefit
compared to complexity for usability and usefulness of Gulf TREE indicates that Phase One
engagement may also be more critical overall for achieving a productive and user-friendly tool.
This was further supported by interviewees, who felt that the most critical part of engagement
was the Phase One engagement which scoped the climate resilience tool, and that Phase Three
was more of a refinement of the tool. These data provide evidence in support of increasing calls
for end-user engagement at the outset of climate resilience tools (Laudien et al., 2019; Palutikof,
Street, et al., 2019). Until recently, these recommendations have been based on interviews
discussing climate resilience tools generally (Raub & Cotti-Rausch, 2019) or perceived
improvements made to resources without evaluation post-tool release (Fletcher et al., 2015;
Stephens et al., 2015; Whitehouse, 1999). The analyses from this study provide data to
underscore the importance of previous “common-sense” suggestions regarding early engagement
(Raub & Cotti-Rausch, 2019). Further, beta-testing, or providing end-users an opportunity to test
a tool before it is considered complete, is important for reducing complexity. Multiple usability
issues were addressed through the beta-testing workshop. However, as discussed in Collini et al.
(in-review), beta-testing must occur when there are still resources to address any issues.
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4.5.3

Objective Three – Assess how integrating end-users throughout the development
of Gulf TREE impacted diffusion and adoption rate
Rogers (2003) suggests that relative benefit, compatibility, and complexity are the most

predictive attributes about a tool regarding diffusion and adoption rate. Other factors regarding
the context in which the tool itself is diffused and adopted will also influence rate of adoption
(e.g., communication channels, social system). Our data demonstrate that stakeholder
engagement directly impacts those three attributes of a climate resilience tool. Given the nature
of this research, it is impossible to run a control version of Gulf TREE without those attributes to
determine to what extent, if at all, Gulf TREE’s adoption rate is reduced when end-users were
not engaged. However, it can be determined from the interviewees that the reason many of them
opted to adopt Gulf TREE was because of the high relative benefit, compatibility, and low
complexity. The results of this study are consistent with elements of Rogers’ (2003) models and
theory, indicating the end-user suggested features were critical for adoption. Additionally, a
study by Haße & Kind (2019) demonstrated if a tool is not providing relative benefit to the target
end-users, it will diffuse and be adopted at low rates and it will become necessary to either do a
large-scale overhaul of the tool or to simply abandon the tool and start over.
In addition to assessing adoption rate due to enhanced features, it is important to
understand the role of stakeholder engagement in directly encouraging adoption. In climate
resilience many of the practitioners are isolated – working independently within their cities,
counties, or states, minimizing opportunities for tools to diffuse. They also are often overworked
and extremely busy, making it unlikely that they will take time on their own to learn about a tool
when it is shared with them via mass media channels (e.g., a listserv). Interviewees confirmed
this result and added that participation in engagement led them to feel invested in the resource,
which caused them to share and use it more often. The trends among our survey data also
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supported this concept with a greater number of respondents that participated in engagement
having used Gulf TREE (40%) when compared to respondents who had not participated in any
engagement (33%). This increases even further if only looking at those who participated in Phase
Three of engagement (beta-testing), which functioned both as a training and a feedback soliciting
endeavor, where 44% of beta-testing respondents had used Gulf TREE.
Interviewees also confirmed, both those who had and had not adopted Gulf TREE and
those who had and had not participated in engagement, that direct interaction with a climate
resilience tool was another critical component for diffusion and adoption. Responses to the
survey from those who had not been engaged and had not adopted Gulf TREE demonstrate
influence in the innovation-diffusion process. Almost half of those who had not been engaged
and rejected Gulf TREE, rejected it within the knowledge phase of the innovation-decision
process. Those who had been engaged had progressed further through the innovation-decision
process and a greater number of them made it to the implementation phase where they were
waiting for an opportunity to implement Gulf TREE. This indicates that engagement generates
greater success at moving potential adopters through the innovation-decision phases.
Additionally, as stated by interviewees, engagement led to a greater amount of sharing (i.e.,
diffusing of Gulf TREE through personal emails, demos, and inclusion on listservs for
announcements on updates, releases, and further training opportunities).
Another important piece of information interviewees identified was the importance of
continued engagement after the tool was released. One user explicitly said that the reason they
used the tool was because they saw it repeatedly at presentations and demonstrations. Other users
admitted that sometimes they forget about Gulf TREE because they needed it so infrequently
given the nature of the tool. They said that continued advertisement and training opportunities
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help to keep it on the forefront of their minds. This represents another gap in the diffusion
process that engagement helps to close. Again, by participating in some kind of engagement
either during development or after tool release, there are more opportunities by which to
encourage continued diffusion. In addition to diffusion, continued engagement after release also
has a direct impact on adoption, with another interviewee stating that they mostly adopt tools on
which they receive training. Additional work should be conducted to understand how
engagement during and after tool release influences diffusion networks and the innovationdecision process.
4.5.4

Limitations
This study had a small sample size with 52 survey respondents, only 14 of which had

adopted Gulf TREE, and 17 interviewees, of which only 10 were suitable for these analyses.
However, we achieved saturation in the data as the same themes continued to reoccur and no
new ones were presented. The small sample size should be considered when interpreting and
applying these data to future work, particularly when considering areas where trends were not
pronounced. The snowball distribution approach has potential limitations as reminders were
likely to only reach the first round of potential survey respondents that were directly contacted,
which can depress response rate. Additionally, it is impossible to assess how many people saw
the survey and did not fill it out, so a response rate cannot be calculated. Further, surveyors
cannot assess if the final respondents are truly representative of the larger target population,
limiting generalizability of the findings; however, each of the target sectors were represented.
Finally, bias could be introduced in this method because those who have greater connections to
multiple individuals within the networks are more likely to recruit to the survey. Similar bias
may have been introduced through the interviewees as those interviewees who did not attend the

91

workshops but adopted Gulf TREE may have been more willing to respond to the interview
request because they find it useful or, similar to the snowball distribution, may have multiple
connections to the requests.
4.6

Conclusion
End-user engagement during climate resilience tool development enhances different

aspects of the tool and increases adoption and diffusion through both indirect and direct routes.
Engagement allowed for the inclusion of features that directly improved the relative benefit,
compatibility, and complexity of Gulf TREE. Additionally, engagement at different phases of
development influenced different attributes of Gulf TREE. Engaging end-users prior to tool
development, provides an opportunity to maximize the relative benefit of that tool for the endusers. Engaging end-users at a beta-test stage, when additional work on the tool can still be done,
provides the opportunity to maximize usability and reduce complexity for end-users. Our results
suggest that tool developers will not be able to accomplish both high relative benefit and low
complexity by engaging end-users only one time during development and that timing in relation
to development is critical. Finally, these findings demonstrate that engagement is important for
not only enhancing tool attributes to increase adoption, but also for enhancing diffusion of a tool
and increasing progression through the phases of the innovation-decision process for individuals.
Additional work should be conducted to understand more about the influences of engagement on
diffusion channels, the innovation-decision process, and replicating this work with other climate
resilience tools to expand the body of knowledge on how end-user engagement impacts tool
development and adoption.
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CHAPTER V
SYNTHESIS, RECOMMENDATIONS, AND CONCLUSION
5.1

Background
Mitigation of and adaptation to climate change are essential to reduce further ecological

and community impacts (IPCC, 2021; Jay et al., 2018). A critical requirement of effective
adaptation and mitigation is access to actionable information. Research has demonstrated that
lack of information about climate change can serve as a barrier to action (Moser & Ekstrom,
2010) and conversely that when trusted, localized data are available, actions to enhance climate
change resilience are more likely (Holmes & Butler, 2021). In an effort to fill informational gaps
around climate change and foster more resilient communities and ecosystems, a large array of
tools has been generated (e.g., U.S. Climate Resilience Toolkit, Gulf TREE).
However, researchers have only recently begun to do assessments to determine if climate
resilience tools are being used. Despite the importance of this information, few studies have
explicitly evaluated the use of tools available to support climate resilience action (Ernst &
Preston, 2020; Haße & Kind, 2019; Palutikof, Street, et al., 2019). The broader suite of available
research on climate resilience tool evaluation is focused on feedback gathered during
development or based on intention to use by end-users, not actual use (e.g., Fletcher et al., 2015;
Stephens et al., 2015). Further, many funders, practitioners, and trainings have suggested that
engaging intended end-users will increase the use of climate resilience tools (GAO, 2014; Raub
& Cotti-Rausch, 2019); yet, there is little empirical evidence supporting these claims (Haße &
Kind, 2019).
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My study was primarily designed to better understand how end-user involvement in the
development of a climate resilience tool impacted the diffusion and adoption of the tool by
intended end-users. Secondarily, my study explored methods for assessing tool use as this
remains a barrier to robust evaluation of climate resilience tool use. My theoretical framework
was based on the theory and models proposed by Rogers (2003). Specifically, I relied on the
innovation-development and innovation-decision models and his theory of diffusion. I explored
the work in three stages. The first stage was the development and implementation of a
stakeholder engagement process specifically for climate resilience tools. The second stage was
evaluation of the adoption and diffusion of the climate resilience tool that was developed in the
first stage. The final stage was determining the impact of the stakeholder engagement on the
adoption and diffusion of the climate resilience tool.
5.2
5.2.1

Findings
Developed and Tested an End-User Engagement Model
I led a team that developed and implemented a six-phase, intentional approach for

integrating end-user feedback at key points in climate resilience tool development (Fig 2.1).
Through this process, Gulf TREE, a climate resilience tool, was developed. The process was
focused on information gathering intended to improve relative benefit, compatibility, and
complexity of the resulting climate resilience tool. End-users were asked to evaluate both the
outcomes of the process and the process itself at multiple points within the development. They
indicated that participating in the process was an effective use of their time and were satisfied
with the elements of the engagement process (e.g., length of workshops, communication skills of
speakers, and opportunities to voice their opinions). End-users also indicated that the outcome
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from the process, Gulf TREE, provided relevant and useful information and they intended to use
Gulf TREE when it was released (Heming & Collini, 2018; Mohrman, 2017).
Ensuring that a stakeholder engagement process is effective is imperative because it is a
time intensive and costly endeavor. Co-developing with end-users increased the timeline by an
estimated one year to 18 months and required about 50% of the available budget for tool
development. The positive perceptions of the participants in the development process, including
a high proportion of whom intended to use Gulf TREE (89%) indicate that the process we
developed is an effective means for soliciting and integrating stakeholder feedback in climate
resilience tool development. This work represents an important addition to the existing body of
literature as previously there were not engagement models available designed explicitly for
climate resilience tool development, despite the repeated calls for this kind of work from funders
and practitioners.
5.2.2

Verified Adoption and Diffusion
In the second stage of my work, I utilized a digital survey instrument and Google

Analytics to assess diffusion and adoption of Gulf TREE. Adoption was verified through a
combination of modified Google Analytics data and survey responses. Though they differed in
some metrics (e.g., frequency of use among individual users), both methods provided reliable
confirmation that Gulf TREE was being used. This represented a unique application of Google
Analytics as previous studies had not attempted to identify users of a climate resilience tool
among visitors to a website through modification of web tracking software data (e.g., Gardiner et
al., 2019; Haße & Kind, 2019). The survey data provided additional information such as
confirmation that adoption and diffusion had occurred across all the target end-user sectors

99

(Local, State, Federal Government, Non-Profit, Academia, Consultant, and Sea Grant) and that
the uses for which Gulf TREE was employed were those we originally intended.
5.2.3

Differences in Adoption and Diffusion Between Sectors
In addition to confirming adoption and diffusion of Gulf TREE, I identified differences in

adoption and diffusion between end-user sectors. For example, 90% of survey respondents from
the federal government had heard of Gulf TREE; however, only 50% and 57% of consultants and
non-profits respectively had heard of Gulf TREE (Table 5.1). This result indicated a difference in
diffusion among different sectors. Additionally, data collected later during the third stage of my
research indicated that small non-profits (e.g., one or two staff and small geographic coverage)
may not be common users of any climate resilience tools (see Section 5.3) for more information.
Table 5.1

Responses to the digital survey instrument.

Sector
Federal Government Agency
State Government Agency
County/Local Government
Non-Profit
Academic
Business/Consultant
Sea Grant

Number of
Heard of
Respondents Gulf TREE
10
16
3
7
7
4
4

90.00%
75.00%
66.67%
57.14%
71.43%
50.00%
75%

Implemented Gulf
TREE (percentage of
heard of)
22.22%
8.33%
100.00%
50.00%
60.00%
50.00%
100.00%

In addition to the differences in diffusion, differences in adoption were found among
sectors. The range of individuals that began the innovation-decision process that did not progress
to the implementation phase ranged widely from 100% reaching implementation to only 8.33%
(Table 5.1). The lowest rates of adoption were observed among state government agency
(8.33%) with the highest among Sea Grant and County/Local Government at 100%. Gulf TREE
was also used differently within sectors. There was 100% agreement in how local/county
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government users used Gulf TREE; however, there was a diversity of uses among the remaining
sectors (Table 3.3). There were also differences between sectors regarding the frequency with
which end-users chose to use Gulf TREE over other resources. Federal government and Sea
Grant users relied much more on Gulf TREE, while academic and non-profit users used other
resources more often than Gulf TREE (Table 3.3).
5.2.4

Role of Engagement on Tool Adoption and Diffusion
In the final stage of my research, I supplemented data from the digital survey instrument

with interviews of potential end-users. Not all the interviewees had adopted Gulf TREE or
participated in stakeholder engagement, but interview data that were included in the analyses
were from interviewees that had knowledge of Gulf TREE and an understanding of how it
functioned. Results indicated that stakeholder engagement directly improved relative benefit,
compatibility, and complexity of Gulf TREE. Improvements in these attributes increases the
likelihood of adoption; therefore, the engagement likely enhanced the diffusion and adoption of
Gulf TREE through the target end-users. The results also indicated that individuals who had been
engaged in the development process progressed further in the innovation-decision process (Fig
4.1) than those who were not engaged. This result shows an increased likelihood of adoption as a
direct result of engagement that is only translated to those who participated in the engagement.
This interpretation was further supported by data gathered during the interviews in which
interviewees stressed the importance of trainings and engagement efforts to adoption and their
efforts to diffuse the tool throughout their networks.
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5.2.5

Different Phases of Engagement on Adoption and Diffusion
I also examined how different phases of engagement contributed to adoption and

diffusion. Given the expense of an iterative development process with end-users, understanding
if all the engagement phases are critical will enhance stewardship of fiscal resources. Survey
respondents were asked to score the importance of Gulf TREE features to usability and
usefulness. The features originated from different phases of end-user engagement. There were no
statistical differences in importance among phases of stakeholder engagement; however, there
were statistical differences in importance when features were grouped by relative benefit,
complexity, or compatibility. Relative benefit and compatibility both scored statistically more
important than complexity. Features that contributed to relative benefit almost exclusively were
developed during early engagement, prior to tool development (Table 4.3). Further, interviewees
directly stated they felt the initial engagement was the most critical because it helped to shape the
scope of Gulf TREE functions, while the engagement that occurred during development was for
refining usability issues. This indicates that all phases of engagement are essential and
engagement prior to development contributes to usefulness while later engagement is critical for
a usable tool.
5.3

Suggested Additional Areas of Research Based on Findings in This Study
Digital survey instruments are effective at unambiguously determining adoption of a tool

and can provide additional data beyond adoption; however, they are time intensive, only capture
a small subset of use, can be prone to bias, and make longitudinal studies difficult. Applying web
tracking data is a promising alternative that is beginning to be explored as a metric for
determining climate resilience tool use. Studies that have reported analytics data for climate
resilience tools did not apply any modifications in order to assess use; they only reported web
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traffic (Gardiner et al., 2019; Laudien et al., 2019; Palutikof, Rissik, et al., 2019). Application of
web tracking data to assess use needs to be completed through the lens of how a user interacts
with the website versus how someone casually exploring the site may interact. In this study,
modifying Google Analytics data proved to be an effective way to gain additional insight into the
potential total volume of users and frequency of Gulf TREE uses. Additional research is needed
to refine the rapidly expanding suite of available mechanisms for analyzing web traffic to assess
climate resilience tool use.
As mentioned above, results from the interviews indicated that small non-profits likely do
not apply and are not familiar with climate resilience tools. Of the five non-profits that
participated in this study, three were what could be considered “small” (e.g., less than 5 staff
and/or local/county level geographic focus). All three indicated they had not used any climate
resilience tools other than narrative websites that provided background knowledge on climate
concepts. The tools being used to translate actionable information did not appear to be reaching
this demographic. Further, one of the interviewees from a larger non-profit felt that tools were
helpful when working with either small communities or smaller non-profits to reach their goals.
They implied small non-profits were not undertaking the use of these tools on their own. This
could represent a substantial gap in access to actionable information among grassroots and local
organizations that often motivate action. I recommend further research to understand if this
group is not being reached, specific barriers to both diffusion and adoption among this group,
and opportunities to mediate these barriers.
Another observation was the implication that climate resilience was not being pursued
because it was not required. In the survey responses, the most common response among potential
end-users who had heard of Gulf TREE for not adopting Gulf TREE was that they had not
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needed a climate resilience tool. During interviews, one state official commented that part of
why they thought they had not worked on climate is because their agency did not have a specific
policy or mandate for it to be addressed. A non-profit employee and a consultant both stated that
if climate change was not required for permitting or funding and their client/partner did not have
an interest, climate was not something they pursued within their ongoing efforts. A recent study
also indicated that top-down mandates are an important catalyst for undertaking climate
resilience action (Holmes & Butler 2021). I recommend based on these findings that additional
research be conducted to understand the uptake of climate science and use of climate resilience
tools when a top-down mandate, either from funders or government agencies, is implemented.
The focus of this research was on the role of stakeholder engagement during development
in adoption and diffusion of climate resilience tools; however, there were some indications that
engagement after release of the tool is critical to continued diffusion and adoption. One of the
adopters of Gulf TREE specifically cited the repeated encounter of Gulf TREE at meetings and
conferences as one reason why they adopted Gulf TREE. Additionally, multiple interviewees
identified the importance of trainings and workshops as an important driver of both remembering
and using new tools. Finally, several interviewees had also commented on how they needed Gulf
TREE so infrequently, they tended to forget that it was available as a resource. This may be
linked to the aforementioned lack of requirement to plan for climate change. In marketing and in
the innovation-development model, advertising is identified as an important driver of adoption
and diffusion (Rogers, 2003). Results from my work indicate this may be even more critical with
climate resilience tools and that it may need to go beyond mass-media communications (e.g.,
presentations, email blasts) and needs to take the form of trainings or other diffusion mechanisms
akin to peer-communications (e.g., workshops). This could have important implications for post-
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release engagement strategies, particularly for tools that are applicable for a wide audience or
geographic coverage. Train-the-trainer efforts would be considerably more important and having
funders support continued engagement and trainings after tool completion would be essential.
Given the importance of this kind of information for successful continued adoption and diffusion
among end-users, I recommend research to evaluate the effectiveness of multiple styles of posttool release end-user engagement on climate resilience tool diffusion and adoption.
Finally, it is critical to define what constitutes a successful climate resilience tool,
because the binary adopted or not adopted may not be a sufficient indicator. Hundreds of
thousands of dollars were spend on the development of Gulf TREE, and millions more have been
spent on development of the climate resilience tools that are found within Gulf TREE. We
assessed that over 1,100 individuals had likely used Gulf TREE in the year it had been available,
and that the majority used it more than once. Is this an effective use of the time and money that
went into developing Gulf TREE? We know from the surveys and interviews that at least some
coastal professionals find Gulf TREE valuable because it enhances their decision-making
through better access to information and/or time saving. Yet, due to the sparse quantitative data
available on other climate resilience tools, none of which quantified total users over a defined
period, it is impossible to know how this volume of adoption compares to other climate
resilience tools.
There are also confounding factors to determining if Gulf TREE has been worth the
effort. Literature demonstrates that time is an important factor for diffusion and adoption, with it
often taking years for an innovation to reach the majority of a target population (Rogers, 2003).
Our analyses quantifying adoption was only after the first year of Gulf TREE’s release. Google
Analytics reflect a slow and steady increase in web traffic over time, which indicates it has been
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diffusing further; however, it is not conclusive and needs further analysis. Comparative research
that assesses use over time is essential to understand the role that time plays in the diffusion and
adoption of climate resilience tools. Another confounding factor to assessing the success of
climate resilience tools is the lack of requirements to address climate change. Our preliminary
findings and those of Holmes and Butler (2021) suggest the lack of requirements to address
climate change may also be preventing the adoption of climate resilience tools. Another question
that must be answered is are the climate resilience tools not being used because they are not
effective or because they are currently not needed. Either answer would have profound impacts
on how best to consider tool development. If it is that tools are effective, but not currently
needed then the question should be asked if the tool will be maintained/still be relevant until it is
more commonly needed. If not, then perhaps resources are better spent elsewhere. If it is that
tools are not effective, then we need to learn which tools are not effective and why and prevent
poor development practices and waste of limited time and resources. Resilience to a changing
climate is a complex and necessary endeavor, we cannot afford to misuse limited funds, time,
and expertise on efforts that will not lead to enhanced coastal communities and ecosystems.
Continuing to explore our understanding of the adoption and diffusion of climate resilience tools
and expand the available qualitative and quantitative data is essential.
5.4

Conclusions
End-user engagement during climate resilience tool development, while more costly and

time intensive, does lead to increased rates of diffusion and adoption through both direct and
indirect means. This work provided a clear process for intentional and successful end-user
engagement in climate resilience tool development. The results demonstrated that application of
the process directly improved the adoption and diffusion of the climate resilience tool. The work
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also explored multiple avenues for assessing tool use, including promising application of easier
to use and more cost-effective alternatives such as web tracking software. Further, this work
demonstrated that pre-development engagement to scope tool development is critical for
maximizing relative benefit of a climate resilience tool. Additionally, all phases of engagement
are necessary for both a useable and useful tool because each phase contributes to different
attributes of the tool. Climate resilience tool funders should consider this work when evaluating
proposals and ensure adequate stakeholder engagement as part of any development process.
Further research is necessary to understand how much and what kind of stakeholder engagement
is necessary to support continued diffusion and adoption after a tool is released, the role that
mandates in climate resilience has on the adoption and diffusion of climate resilience tools, and
how to define if a climate resilience tool has been successful.
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Table A.1

Copy of the Digital Survey Instrument

Questions for Gulf TREE Follow-Up Survey
Thank you for being willing to take our survey about our product Gulf TREE. We are trying to
understand if and how Gulf TREE is being utilized and how we might improve Gulf TREE use.
Additionally, we have features that were included specifically due to our stakeholder input and
we want to understand which of those are the most useful to end-users.
The following survey should take no more than 10 minutes. Please continue all the way through
until you reach the page that says “The End”.
On behalf of the Gulf TREE project team, thank you very much for your responses, they will help
us continue to improve Gulf TREE’s application for achieving climate resilience.
*This survey has been reviewed by the Mississippi State University Internal Review Board and
determined not to be Human Subjects Research.
*
*
*
*
*
These first series of questions are to understand your familiarity with Gulf TREE.
1. Which category do you most closely align with?
a. Academic
b. Federal Government Agency
c. State Government Agency
d. County/Local Government
e. Business/Consultant
f. Non-profit
g. Sea Grant
h. Community Member/Concerned Citizen
i. Other [open response option]
2. Have you heard of Gulf TREE before receiving this survey?
a. No → Thank you for your time, end survey.
b. Yes
c. Unsure
3. How did you hear about Gulf TREE?
a. Word of mouth
b. Social media
c. Presentation at a conference or meeting
d. Don’t know
e. Other [open response option]
4. Did you participate in any of the Gulf TREE workshops or alpha testing?
a. No → Question 6.
b. Yes
c. Unsure
5. Which Gulf TREE workshop(s) or alpha testing did you participate in? Select all that
apply.
a. First workshops to scope stakeholder needs (held in late 2016 early 2017)
b. Alpha testing (via email during 2017 and 2018)
c. Second workshops to beta test Gulf TREE (held in late 2017 early 2018)
d. Unsure
*
*
*
*
*
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These next few questions help us to understand how you are using Gulf TREE, if at all.
6. Have you used Gulf TREE (NOT including a workshop/training)?
a. No → Question 11.
b. Yes
c. Unsure
7. For what purpose(s) did you use Gulf TREE? Select all that apply.
a. Understand generally what climate resilience tools are available
b. Find a climate resilience tool for a specific project, task, or question
c. Find information, including access, for a specific climate tool you already knew
about
d. Other: [Fill in the blank]
8. When you need to find a climate change tool how often do you utilize Gulf TREE?
a. Always
b. Often
c. Sometimes
d. Rarely
e. Never
f. I have not needed to find a climate change tool
9. When you need information, including access, for a specific climate change tool you
already know about, how often do you utilize Gulf TREE?
a. Always
b. Often
c. Sometimes
d. Rarely
e. Never
f. I have not needed to find information, including access, for a specific climate
change tool
10. Considering all applications, how frequently do you use Gulf TREE? → Question 12.
a. Daily
b. Weekly
c. Monthly
d. Bi-monthly
e. Semiannually
f. Annually
*
*
*
*
*
These questions will help us understand some specifics about what is enhancing or preventing
Gulf TREE use.
11. Why have you not used Gulf TREE? Select all that apply. → Question 14.
a. I have not needed to find a climate resilience tool
b. I was not aware it had been finalized and was available
c. I did not know how to use Gulf TREE
d. I am not sure what Gulf TREE does
e. I found Gulf TREE difficult to use
f. I do not have confidence Gulf TREE is comprehensive
g. I do not have confidence in Gulf TREE to match me with an appropriate climate
resilience tool
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h. I found that the results were not helpful
i. My work computer/internet/network prevents access to Gulf TREE
j. Gulf TREE does not make finding a climate tool significantly easier
k. Gulf TREE is too complicated/hard to use
l. Other: [Please describe]
12. Are there barriers that exist that prevent you from using Gulf TREE more often?
a. Yes
b. No → Question 15.
c. Unsure
13. Which of the following best describe barrier(s) that you face when attempting to utilize
Gulf TREE? Select all that apply. → Question 16.
a. I don’t know how to use Gulf TREE well
b. I am not sure what Gulf TREE does
c. I do not have confidence that Gulf TREE is comprehensive
d. I do not have confidence in Gulf TREE to match me with an appropriate climate
resilience tool
e. I found that the results were not helpful
f. My work computer/internet/network prevents access to Gulf TREE
g. Gulf TREE does not make finding climate tools significantly easier
h. Gulf TREE is complicated/hard to use
i. Other: [Please describe]
14. Which, if any, of the following would help reduce barriers to utilizing Gulf TREE? Select
all that apply.
a. Increased advertising of Gulf TREE
b. Provide additional training opportunities on Gulf TREE
c. Provide more information about Gulf TREE’s purpose
d. Provide more information about Gulf TREE’s development process
e. Available case studies of Gulf TREE successes
f. Nothing would help reduce barriers to utilizing Gulf TREE
g. Other: [Please describe]
15. How important are the following features to making Gulf TREE a productive and easyto-use resource? → Question 17.
Very
Moderately
Of Little
Not
Feature
Important
N/A
Important
Important Importance Important
The color scheme
The graphics (i.e.,
iconography and the
homepage
background)
Having a video
tutorial in the “About”
section
Having the glossary
search bar on every
page
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Being able to select
Guided Search or
Filtered Search
County/parish labels
on the map of Gulf
TREE’s geographic
scope
The type-able search
bar when selecting
counties/parishes
The tool counter on
the bottom left during
the Guided Search
will take you directly
to your current
matches
The ability to search
tools on the tool
landing page by
acronyms/nicknames
Relevant matches are
provided even in
addition to exact
matches
Definition for relevant
matches is provided
The ability to share
filters with searches
with others
Having “Level of
Effort” as a filter
Having “Level of
Experience” as a filter
Having “Data
Requirements” as a
filter
Having “Tool
Outputs” as a filter
Having “Planning
Stage” as a filter
Having a page to view
a summary of your
tool matches before
viewing individual
tool factsheets (aka
the tool landing page)
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Having tool factsheets
for each tool
Having case studies
and additional
publications on tool
factsheets
16. Which, if any, of the following would facilitate using Gulf TREE? Select all that apply.
a. Increased advertising of Gulf TREE
b. Additional training opportunities on Gulf TREE
c. More information about Gulf TREE’s purpose
d. More information about Gulf TREE’s development process
e. Available case studies of Gulf TREE successes
f. Nothing would facilitate using Gulf TREE
g. Other: [Please describe]
*
*
*
*
*
Surveys are great at getting some basic information about Gulf TREE use; however, there are
some nuances that are hard to capture this way. If you are willing we would love to chat with
you a bit more about some of your answers to make sure we really understand the things that we
need to improve about Gulf TREE and the things that you really like.
17. Would you be willing to participate in a brief (around 15 – 20 minute) phone or in-person
survey?
a. Yes
b. No → End.
18. Please provide your contact information by going to this form. This enables us to keep
your survey responses separate from your contact information, maintaining the
anonymity of responses.
Thank you so much for your time and valuable input!!
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Table B.1

Copy of Interview Guide

Target Interviewees: Users, non-users, workshop attendees, non-workshop attendees, a diversity of sectors, Project Team members,
people who have not heard of Gulf TREE
Big E Question
(Interviewee specifics)

Primary Questions
(Want to Ask)
1.Name, organization, job title?

Secondary Questions
(Time permitting/More detail)

Who is being
interviewed?

2.[If not apparent] Which state or states do you
primarily work in?

(All interviewees)

3.With which of the following sectors do you
most closely identify? [List from survey]

How does climate
impact the diffusion
and adoption of
1.What are your views/opinions on addressing
climate resilience tools
climate change in your profession?
in this specific social
2.How often do you talk about climate
system?
professionally? To whom? In what ways?
(Interviewees who
have heard of Gulf
TREE)

• What would change your frequency of considering
climate change in professional experiences?
• Do you have any examples of a climate resilience tool
apart from Gulf TREE?

How do other
decision-support tools
diffuse and get
adopted through this
specific social system?

• Do you have a preference between tools that provide
decision recommendations vs. tools that provide
information on individual components without
synthesizing into a decision recommendation?
• How/why do you share about decisionsupport/resilience tools?

1.What do you think about the
efficacy/usefulness of decision-support or
resilience tools?
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(Interviewees who
have heard of Gulf
TREE)

2.Can you provide me a couple examples of
what you think of when you hear decisionsupport or resilience tools?
3.How do you usually find or hear about new
decision-support/resilience tools?
• If word of mouth who in relation to themselves (e.g.
supervisor, peer, etc.)

How is Gulf TREE
diffusing in this
specific social system?
(Interviewees who
have heard of Gulf
TREE)

• Was this different than how you normally hear about
new tools?
1.How did you hear about Gulf TREE?

• Did you participate in additional activities
(workshops/trainings)?
a. If yes – why? did the activities influence you to
use GT? If so, how?
b. If no – why not?

How do potential
users of Gulf TREE
view relative benefit,
complexity, and
compatibility?

1.Have you used Gulf TREE?
2.Why did you decide to use Gulf TREE?
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Extras for Q1
• If yes – please describe one of the uses.

(Interviewees who
have heard of Gulf
TREE)

3.If you use other tools with similar functions
to GT, how does they compare to Gulf
TREE?

• If yes – what was the benefit/motivation for using Gulf
TREE?
• If no – what was a barrier to using Gulf TREE?
• If not sure – ask them to quickly pull it up online to
see if it looks familiar.
• If did not need a climate change tool - you had needed
a climate change tool would you have used GT to find
it?
• If did not need a climate change tool – why did you
not need one? *Explore the why of it all – were they
doing projects and didn’t consider climate, really
didn’t do climate things? Etc.
• If not an advantage – why do you not think it is an
advantage? could something be done to Gulf TREE to
change that?
Extras for Q2
• Has Gulf TREE had any impact on feeling of being
overwhelmed by the number of tool options?
• Has Gulf TREE changed how you feel about selecting
a climate change resilience tool?
• If no to Q1, why did you not opt to use Gulf TREE?

How do different
phases of engagement

1.If you’ve had a chance to use GT since the
beta test, how did the changes impact Gulf
TREE’s usability?
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• What specific changes impacted usability?

change perception of
Gulf TREE attributes?
(Interviewees who
have heard of Gulf
TREE)

2.What features of Gulf TREE are most
important for you when you are using Gulf
TREE?

• What features of Gulf TREE are the greatest
impediment?

3.[Participated in engagement] – How did
participating in [activity] changed your desire
to use Gulf TREE?
[Did-not participate in engagement] – What is
your perception of Gulf TREE’s relative
benefit, ease of use, and compatibility with
your current processes?
• What influence did the alpha testing have on the endproduct?
• What was the most crucial part of the engagement?

How do different
phases of engagement
change perception of
Gulf TREE attributes?
(Project Team
Participants)

1.What was the value of the different phases of
stakeholder engagement to the final version
of Gulf TREE?

• What was the hardest part of the engagement?

2.Is there anything regarding engagement you
think we should have or could have done
differently?

• Do you think we missed anything/should have done
more?

• What do you think we learned?

• Do you think we did too much/could have left some of
the engagement off?
• What would have been the benefit of those changes?
How is Gulf TREE
diffusing in this
specific social system?

1.How did you see this interview request?
Also the questions from the sections on who is
being interviewed, how climate resilience tools
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(Interviewees who
have not heard of Gulf
TREE)

diffuse through the system, and how decisionsupport tools diffuse through the system.
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